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Abstract 
Easy access to location based primary health care facilities, like general practitioner 
(GP) and dental clinics and pharmacies, are essential to our wellbeing and quality of life. 
Adequate and equitable provision of primary health care to spatially dispersed 
population is a key objective and a real challenge for health policy makers in many 
developed countries, including Australia. 
This study aims at examining the spatial distribution of population and primary health 
care facilities in the Melbourne metropolitan area (MMA) and providing accurate, up-to-
date and reliable location-based measures of accessibility, as well as spatial variations in 
location disadvantages, as evidence for supporting spatial optimisation via planning and 
policy. The study deployed a GIS-based floating catchment area (FCA) method and 
incorporated network based travel impedance discounted with continuous distance 
decaying effects to measure spatial accessibility to primary health care facilities in the 
MMA. Fine resolution spatial data sets used in the study include mesh block level 
census data on both the total population and its three subgroups (children aged 0-4, 
females aged 15-44, and seniors aged 65+), detailed road network data, and carefully 
geocoded address locations of primary health care service provision facilities (GP 
clinics, pharmacies and dental clinics). 
The study has revealed fine resolution spatial variations in accessibility to primary health 
care facilities and identified spatial clusters of residential areas with poor spatial 
accessibility to the facilities in the MMA. The findings from the study can be useful for 
efforts that aim at improving the spatial accessibility to primary health care facilities in 
these disadvantaged residential areas. 
Key words: spatial accessibility, primary health care, floating catchment area, 
geographical information system, mesh block, Melbourne metropolitan area 
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Chapter 1 Introduction 
1.1 Background 
The World Health Organization (WHO) Constitution stresses that “health is a state of 
complete physical, mental and social well-being and not merely the absence of 
disease or infirmity” and that “the enjoyment of the highest attainable standard of 
health is one of the fundamental rights of every human being without distinction of 
race, religion, political belief, economic or social condition” (WHO 2006). The Ottawa 
Charter for Health Promotion (WHO 1986) emphasizes that: “to reach a state of 
complete physical mental and social wellbeing, an individual or group must be able 
to identify and to realize aspirations, to satisfy needs, and to change or cope with the 
environment.” Therefore, health should be regarded as “a resource for everyday life, 
not the object of living”; health should emphasize “social and personal resources, as 
well as physical capabilities” that “permit people to lead an individually, socially and 
economically productive life”; and “all people should have access to basic resources 
for health” (WHO 1986; WHO 1998). 
Good health is a prerequisite for participation in a wide range of activities, and a 
person‟s health and wellbeing result from a complex interplay between a wide range 
of factors, including biological, lifestyle, socioeconomic, societal and environmental 
factors, many of which can be modified to some extent by health care and access to 
health care services (AIHW 2012, Figure 1.1).  
Different countries have different policies and plans in relation to the personal and 
population-based health care goals within their societies, and establish health care 
systems to meet the health needs of target populations, to optimize the health of the 
population by employing the most advanced state of knowledge about the causation 
of disease, illness management, and health maximization, and to minimize the 
disparities across population subgroups so that certain groups are not at a 
systematic disadvantage with regard to their access to health services and 
achievement of optimal health (Starfield 1998). A good health care system delivers 




Figure 1.1: A framework for the determinants of health 
Note: Blue shading highlights selected social determinants of health. Source: AIHW 2012:p12 
A key component of a health care system is the primary health care, which involves 
incorporating curative treatment given by the first contact provider along with 
promotional, preventive and rehabilitative services provided by multi-disciplinary 
teams of health-care professionals working collaboratively for local communities 
(WHO 1978). Primary health care services create an accessible and regular point of 
entry into the health system, making it easier to build trusting and respectful 
relationships between patients and their health care providers (WHO 2008).  
As the entry point to the health care system in many countries for individuals and 
families, primary health care brings health care services (often through GP clinics, 
pharmacies, dental clinics and community health centres) as close as possible to 
where people live and work and constitutes the first element of a continuing health 
care process (WHO 1978; WHO 1998; Ansari 2007). Strong and high-performing 
primary health care systems put the needs of populations first to ensure patients 
receive high-quality, timely and appropriate treatment throughout their illness or 
course of care, regardless of where care is delivered, and consequently are 
associated with better health outcomes and lower costs (WHO 2008).  
It is widely recognised that a responsive, integrated, efficient and cost-effective 
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primary health care system is critical to providing health care services locally to the 
community, responding better to the needs and priorities of local community, 
ensuring that people can get safe and high quality health care when and where they 
need it, and helping people better manage their health conditions in the community 
(WHO 2008; DHA 2009; DHA 2011; WHO 2012; DHA 2013). 
As a global phenomenon seen in almost every country, health status typically follows 
a socioeconomic gradient, with overall health tending to improve with each step up 
the gradient (Kawachi et al. 2002; WHO 2012). This socioeconomic gradient of 
health is clearly exemplified by the Australia‟s Health 2012 report (AIHW 2012). 
Despite improvements in many aspects of primary health care, there are still 
patterns of inequalities the supply and provision of primary health care services in 
Australia (NHPA 2013). A recent report on Australians‟ experience with primary 
health care released by the National Health Performance Authority (NHPA 2013) 
shows where Australians live makes a big difference both to their perceived heath 
status and to perceived experiences of primary health care, and has a noticeable 
impact on whether they will get care when they need it, within acceptable waiting 
times, and at a price they can afford. 
The inability to access health care services when needed may lead to adverse 
impacts on an individual‟s personal health or wellbeing. To help address inequalities 
and gaps in the provision of and access to health care services, the Australian 
government has taken a number of significant initiatives, including the establishment 
of a network of primary health care organisations (Medicare Locals), a significant 
boost to the primary health care workforce, the implementation of a national eHealth 
records system, and an upgrading of primary health care infrastructure (DHA 2010). 
Because of its contribution to health care costs, outcomes and equity (Starfield 
1998), access to primary health care has become a key policy issue in many 
developed countries, including Australia (Harris et al. 2004).  
1.2 Research Objectives, Questions and Methods 
Existing inequality in service provision in general, and primary health care service 
provision in particular, can be improved by identifying and mapping residential areas 
with low levels of accessibility to services, establishing new service facilities in areas 
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identified with high levels of locational disadvantages, and enhancing service 
capacity/attractiveness of existing facilities in areas identified with high potentials for 
improvement.  
From a spatial perspective, the identification of inequalities and gaps in access to 
primary health care facilities at a fine spatial resolution can be supported by 
revealing spatial variations in accessibility to a set of selected primary health care 
facilities in an area of interest, and by identifying spatial clusters of disadvantaged 
residential areas characterised by a combination of low levels of service provision 
and high levels of demand for the services. The key objectives of this research is to 
develop and apply GIS based methods to measure and map potential accessibility to 
primary health care facilities at a fine spatial resolution, and identify spatial clusters 
of disadvantaged locations that have poor accessibility to primary health care 
facilities in the Melbourne metropolitan area (MMA).  
Accordingly, this research focuses on the following three main research questions: 
1. How is spatial accessibility to primary health care facilities conceptualised, 
defined and measured, and how is spatial variation mapped?  
2. How is the demand for, provision of, and locational disadvantages in access 
to primary health care facilities represented, and how are their spatial 
variations mapped? 
3. What is the status of spatial variation in locational disadvantage in access to 
primary health care facilities in the MMA? 
Using up-to-date and fine spatial resolution data on population, health care facility 
and road network, this study developed and applied GIS-based spatial analytical 
procedures, for achieving the aforementioned research objectives and answering the 
research questions. The GIS based spatial analytical procedures involve: 
1. collecting and organising data on population, primary health care facility, 
transportation network and other relevant geographical features in the study 
area; 
2. disaggregating population data at larger spatial units to smaller spatial unit to 
minimize aggregation error; 
3. measuring network based travel impedance between residential locations 
and locations of primary health care facilities; 
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4. measuring spatial accessibility to primary health care facilities using floating 
catchment area based methods that incorporate network based travel 
impedance discounted with continuous distance decaying effects; 
5. determining, and mapping the spatial variations in, the level of population 
demand for primary health care services in terms of population density and 
concentration, the level of provision of primary health care services in terms 
of facility accessibility, and the level of locational disadvantage in terms of 
population demand and service provision;  
6. detecting and mapping spatial clusters of disadvantaged residential locations 
with poor access to primary health care facilities to better target locations and 
extent of areas for improvement in service provision and accessibility. 
The value for conducting spatial analysis at finer spatial resolution lies in that the 
results can reveal subtle spatial variations, and that the results can be spatially 
aggregating into other larger spatial units as needed. 
The approaches taken and the findings made in this study would be supportive to 
public policy makers, government and non-government service providers for the 
effective implementation and continuous improvement of the outcome of the health 
care policies and strategies. The variations in locational disadvantage found in the 
MMA may be of particular use as the first step in making evidence-based policy 
decisions regarding the supply of health care facilities. The research findings would 
also be useful for guiding individuals and families to select their suitable place of 
residence. With proper modifications to the data and analytical settings, the method 
developed in this study would be applicable in other time periods, population groups, 
services and facilities, themes/issues/challenges and geographical settings. 
1.3 Thesis Outline 
This thesis consists of six chapters. Chapter One introduces the research 
background, objectives, questions and methodology. Chapter Two presents a 
comprehensive literature review on primary health care and spatial accessibility. 
Chapter Three describes the methodology developed and applied in this research for 
measuring and mapping accessibility, for determining population demand, and for 
identifying spatial clusters of disadvantaged residential locations. Chapter Four 
describes the study area and fundamental data sets used for generating the results 
that are presented in Chapter Five and in the Appendices. Chapter Six provides brief 
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discussions on some issues identified in the study, summarizes key achievements of 
this research, and offers some recommendations on aspects upon which this 
research can be further improved in the future. 
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Chapter 2 Literature Review 
This chapter presents findings from a systematic literature review of accessibility to 
primary health care. Section 2.1 offers a brief overview of the access to primary 
health care in Australia, followed by a review of important concepts and definitions of 
accessibility in Section 2.2, an outline of popular measures of accessibility to primary 
health care in Section 2.3, and a review of some relevant techniques on thematic 
mapping and hotspot analysis in Section 2.4. 
2.1 Access to Primary Health Care in Australia 
Australia‟s health system is complex, involving many possible pathways and 
outcomes (AIHW 2012, Figure 2.1). Although having one of the best performing 
health care systems in the world, the Australian government are continuously 
challenged by the demands of an ageing population, growing burden of chronic 
diseases such as diabetes, unacceptable inequities in health outcomes and access 
to services,  and the improvements in medical and other technology (AIHW 2006; 
NHHRC 2009; DHA 2013). Pressured by these challenges, the Australian 
Government conducted the most comprehensive review of Australia's health system 
in 20 years in 2008. In August 2011, the Australian Government, together with the 
States and Territories, signed the National Health Reform Agreement (NHRA). Under 
the National Health Reform, the Commonwealth Government tries to shift the centre 
of gravity of the health system from hospitals to primary health care, by improving 
access and reducing inequality in access, increasing the focus on prevention, 
improving quality, safety, performance and accountability in primary health care 
(DHA 2009). 
Primary health care in Australia encompasses a large range of providers and 
services across the public, private and non-government sectors. General 
practitioners (GPs) play an integral role in the provision of primary health care in 
Australia. GPs often operate out of a dedicated location, known as a general practice 
or GP clinic, where GPs diagnose, treat and manage health complaints, provide 
preventive advice and care, prescribe medicines, and refer patients to other primary, 
secondary and tertiary care where required, including specialists, hospitals and aged 
care. There can be one or more GPs operating out of a single GP clinic. Some super 
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GP clinics may include many GPs, and have co-located other health facilities / 
professionals, such as pharmacies, dental surgeries and physiotherapists.  
 
Figure 2.1: Possible pathways through the health system (Source: AIHW 2012, p371) 
While most Australians will receive primary health care through their GPs, primary 
health care providers also include other health professionals such as nurses 
(including general practice nurses, community nurses and nurse practitioners), allied 
health professionals, midwives, pharmacists, dentists, ambulance officers, aged care 
workers, community care workers and Aboriginal health workers. Primary health care 
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is the frontline of Australia‟s health care system. It can be provided in the home or in 
community-based settings. The types of services delivered under primary health 
care are broad ranging and include: health promotion, prevention and screening, 
early intervention, treatment and management (DHA 2013). 
The Australian government has taken a number of significant initiatives to make 
health services more responsive to patient needs and to help address inequalities 
and gaps in the provision of and access to health care services. These initiatives 
include: the establishment of a network of primary health care organisations 
(Medicare Locals, to plan and fund extra health services in communities across 
Australia), a significant boost to the primary health care workforce, the 
implementation of a national eHealth records system, and an upgrading of primary 
health care infrastructure (DHA 2010; DHA 2013). The Australian Government will 
take full funding responsibility for all primary health care services, enabling the 
Government to draw services together so that they are better integrated, better 
coordinated and more responsive to the needs of all Australians (DHA 2010). 
In 2011, the Australian government has established 61 Medicare Locals to improve 
responsiveness, co-ordination and integration of health services across Australia. 
The key roles of these Medicare Locals are to identify and assess the health care 
needs of their populations; improve the responsiveness, coordination and integration 
of primary health care in local communities; address service gaps; and make it 
easier for individuals, carers and service providers to navigate their local health 
system (DHA 2009). In 2013, the Australian Government has worked with state and 
territory governments and developed the National Primary Health Care Strategic 
Framework, which builds on the 2010 National Primary Health Care Strategy, sets 
out an agreed approach for creating a stronger, more robust primary health care 
system in Australia, giving people access to the services they need locally, and aims 
to provide cost-effective, community-based primary health care services (DHA 2013).  
As a global phenomenon seen in almost every country, health status typically follows 
a socioeconomic gradient, with overall health tending to improve with each step up 
the gradient (Kawachi et al. 2002; WHO 2012). Inequality in access to primary health 
care has long been a major policy concern, prompting the WHO to advocating health 
as a fundamental human right, and emphasizing timely and equitable access to 
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primary health care for all (WHO 1978). WHO‟s „health for all strategy implies that we 
should aim at greater equity in health between and within populations, and between 
countries, and that “the attainment by all the people of the world of a level of health 
that will permit them to lead a socially and economically productive life” (WHO 1984).  
Equity or fairness in health means that the needs of people guide the distribution of 
opportunities for well-being (WHO 1996; WHO 1998). This implies that everybody 
will have an equal opportunity to develop and maintain their health, through fair and 
just access to resources for health. Equity in health is not the same as equality in 
health status. Generally speaking, equality means equal rights or equal advantages 
and equity means equal treatment and no unfair advantage (Talen and Anselin 
1998). Populations are distributed nearly continuously throughout a region, yet are 
served by a facility or set of facilities located at discrete point locations (Joseph and 
Phillips 1984). Inequalities in the availability and accessibility of resources are an 
inevitable outcome of this configuration (Delamater 2013). Inequalities in health 
status between individuals and populations are inevitable consequences of genetic 
differences, of different social and economic conditions, or a result of personal 
lifestyle choices. On the other hand, Inequity in access to health services is unfair, 
unjust and preventable (Whitehead 2000). Inequities occur as a consequence of 
differences in opportunity which result from, for example, unequal access to health 
services, nutritious food, and adequate housing, etc. In such cases, inequalities in 
health status arise as a consequence of inequities in opportunities in life (WHO 
1998).  
Promoting fair access to medical services across all population groups is a long-
standing priority for health professionals (Lee 1991; Weissman et al. 1991; GAO 
1995; Andrulis 1998). Ensuring this goal requires that all sectors of society have 
equal and adequate access to basic health care services, regardless of personal, 
socio-economic, or geographic factors (Wan et al. 2012).  
Decisions on health care utilization are strongly influenced by the type and quality of 
services available in the local area and the distance, time, cost and ease of traveling 
to reach those services (Goodman et al. 1997; Haynes et al. 1999). Reducing spatial 
access disparities to health care services/facilities is a growing priority for health 
care planners in developed countries, especially for population groups considered to 
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have high needs for primary health care services, such as children with ages 0-4, 
females with ages 15-44 and seniors with ages above 65 (Meade and Earickson 
2000; Wang and Luo 2005, Ngui and Appparicio 2011).  
While many Australians experience good access to primary health care services, 
significant services gaps exist in many parts of Australia (DHA 2010). Many people 
find it difficult to find a local GP or other primary health care providers including allied 
health professionals (DHA 2011). The Australia‟s Health 2012 report (AIHW 2012) 
shows that some groups in Australia experience poorer health than others. Generally 
speaking, Aboriginal and Torres Strait Islander people generally fare worse on a 
number of health measures and access to and use of health services is often lower; 
with increasing social disadvantage comes less healthy lifestyles and poorer health; 
the further people live away from major cities, the less healthy they are likely to be; 
and severe or profound disability often carries an extra health burden. For example, 
life expectancy for Aboriginal and Torres Strait Islander people is about 12 years 
shorter than for other Australians; in 2010, 25% of people living in the lowest 
socioeconomic areas smoked tobacco, twice the rate of people living in the highest 
socioeconomic areas; and in 2007–08, 46% of people aged 15–64 with severe or 
profound disability reported poor or fair health, compared with 5% for those without 
disability.  
Despite improvements in many aspects of primary health care, there are still 
patterns of inequalities the supply and provision of primary health care services in 
Australia (NHPA 2013). A recent report on Australians‟ experience with primary 
health care in 2010–11 was released by the National Health Performance Authority 
(NHPA 2013). This document reports Australia‟s primary health care performance  
against a range of indicators endorsed by the peak intergovernmental forum in 
Australia, the Council of Australian Governments (COAG), such as GP attendances, 
measures of patient experiences, wait times for GP services and after-hours GP 
service utilisation. The data in this report principally rely on experiences with primary 
health care as reported by 26,423 adults in the Australian Bureau of Statistics 
Patient Experience Survey 2010–11 (ABS 2011). In the survey, Australians were 
asked to recall their experiences with health services that occurred over the 
preceding year. The report suggests that where Australians live makes a big 
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difference both to their perceived heath status and to perceived experiences of 
primary health care, and has a noticeable impact on whether they will get care when 
they need it, within acceptable waiting times, and at a price they can afford.  
For example, the report shows very large variations between populations living 
within different Medicare Local catchment areas nationally, in terms of whether 
patients could afford to see a GP, how long they had to wait before securing a GP 
appointment, and how easily they could access after-hours GP care. In 2010–11, the 
percentage of Australians within each Medicare Local catchment who reported a 
health status of excellent, very good or good varied from 91% to 81% nationally. 
These results mean the percentage of adults who reported their health as fair or 
poor was twice as high in some Medicare Local catchments compared to others, 
ranging from 19% to 9% across Medicare Local catchments / populations nationally 
(NHPA 2013). 
Nationally, the percentage of adults who visited a GP at least once in the preceding 
year varied across Medicare Local catchments/populations, from 88% to 71%. The 
number of annual visits/attendances to a GP per person was three times higher in 
some Medicare Local catchments compared to other areas, ranging from 7.3 to 2.3 
visits per person across Medicare Local catchments/populations nationally in 2010–
11, and from 7.4 to 2.4 in 2011–12. The number of after-hours GP visits/attendances 
per person differed greatly across the country from 0.71 visits per person to 0.03 in 
2010–11, and from 0.79 visits to 0.05 in 2011–12. For metropolitan Medicare Local 
areas, the number of visits was five times higher in some Medicare Local areas 
compared to other areas, ranging from 0.71 visits per person to 0.14 visits across 
metro Medicare Local populations nationally in 2010–11, and from 0.79 visits to 0.15 
visits in 2011–12. For regional Medicare Local areas, the number of after-hours visits 
per person was eight times higher in some areas compared to others, ranging from 
0.40 visits per person to 0.05 visits in 2010–11 and in 2011–12. For rural Medicare 
Local areas, the number of visits was up to 12 times higher, ranging from 0.36 visits 
per person to 0.03 visits in 2010–11, and from 0.42 to 0.05 in 2011–12 (NHPA 2013).  
The percentage of patients who had seen a GP in the preceding 12 months and who 
felt they waited longer than acceptable to get an appointment varied across 
Medicare Local catchments/populations nationally, from 28% to 8%, indicating large 
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variations in timeliness of access. There was a large variation in the affordability of 
care between different Medicare Local populations. The percentage of patients who 
delayed or avoided seeing a doctor due to cost was up to five times higher in some 
areas than in other areas, ranging from 15% to 3% across Medicare Local 
catchments/populations nationally. This means that Australians living in some 
Medicare Local catchments were five times more likely to report delays in seeing a 
GP, or not seeing a GP due to cost, compared to Australians living in other Medicare 
Local catchments (NHPA 2013). 
Since considerable variation exists in the size of the geographic areas served by 
Medicare Locals, as well as in the nature of the populations they serve, each 
Medicare Local was allocated to one of seven peer groups, based on socioeconomic 
status, remoteness and distance to hospitals to enable fairer comparisons. Table 2.1 
provides a summary of Australians‟ health, use and experiences with primary health 
care nationally. Map 2.1 shows the spatial catchments as well as the average 
number of GP attendances per person of the Medicare Locals across Australia and 
the MMA. 
Table 2.1: A summary of Australians’ health, use and experiences with primary health care 
nationally for the seven Medicare Local peer groups (source: NHPA 2013). 
Medicare Local Peer Group I II III 
Name Definition A1 A2 B C D E F 
Metro 1  High urban density, higher socioeconomic status 89 11 80 5.1 0.33 13 8 
Metro 2  Medium urban density, medium socioeconomic status 87 13 81 5.1 0.32 13 9 
Metro 3  Low urban density, lower socioeconomic status 84 16 83 6.5 0.55 14 6 
Regional 1  Outer urban areas, middle socioeconomic status 86 14 85 5.6 0.25 21 10 
Regional 2  
Mostly non-metro urban and regional areas, middle 
socioeconomic status 
83 17 81 5 0.12 19 8 
Rural 1  Distant from metro cities, with diverse socioeconomic status 82 18 81 4.9 0.2 16 9 
Rural 2 Mostly large remote areas, middle or lower socioeconomic status 88 12 76 3.5 0.17 20 11 
Note: I – Health status; II -  Use of Primary Health Care ; III - Experiences with Primary Health Care;  A1 - Adults 
who rated health excellent, very good or good (%); A2- Adults who rated health fair or poor (%); B - Adults who saw a 
GP in previous year (%); C – Average number of GP attendances per person (n); D - Average number of GP after-




Map 2.1: The spatial catchments as well as the average number of GP attendances per person of the 
Medicare Locals across Australia (top) and the MMA (bottom) 
Because of its contribution to health care costs, outcomes and equity (Starfield 
1998), access to primary health care has become a key policy issue in many 
developed countries, including Australia (Harris et al. 2004). Improving access and 
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reducing inequity has been highlighted as a key priority in improving the primary 
health care system in Australia, in the national primary health care strategy (DHA 
2010, DHA 2013). 
2.2 Key Concepts and Definitions of Accessibility 
In the past two decades or so, geographers and health researchers has focused on 
the role of place and neighbourhood in affecting people‟s health behaviours and 
outcomes (Jones and Moon 1993; Kearns 1993; Curtis and Rees-Jones 1998; 
Macintyre et al. 2002; Bissonnette et al. 2012; Kwan 2012; Hawthorne and Kwan 
2013; Kwan 2013). Neighbourhood characteristics identified to be important 
influences on health are often described in two broad groups of factors: (1) physical 
or environmental features (e.g. side-walks, trails and parks) and (2) social, cultural 
and institutional characteristics of neighbourhoods (e.g. local social ties and 
collective efficacy). Among the social and physical characteristics of place that affect 
health, the availability of health facilities is recognized as an important factor. To date 
considerable work has been conducted to examine how well the level of access and 
utilization affect their health (Andersen 1968; Shannon et al. 1975; Anderson 1995; 
Guagliardo 2004; Higgs 2004; Hawthorne and Kwan 2013).  
Geurs and van Wee (2004) noted that the terms „access‟ and „accessibility‟ are often 
used indiscriminately in the literature. Normally, “access is used when talking about a 
person‟s perspective, accessibility when using a location‟s perspective” (Geurs and 
van Wee 2004). Access to health care refers to the ability to obtain / use appropriate 
health care services when and where they are needed” (Aday and Andersen 1981; 
Cromley and McLafferty 2002; McLafferty 2003; AcademyHealth 2004); “a concept 
that somehow relates to consumer‟s ability or willingness to enter into the health 
care system”, or “a concept representing the degree of „fit‟ between the clients and 
the system” (Penchansky and Thomas 1981); or “the relative ease by which health 
care can be reached from a given location” (Wang 2012). Access to health care 
varies across space because access to health care is affected by where people 
reside (demand), where health care facilities locate (supply) and neither population 
nor health care facilities is uniformly distributed (Luo and Wang 2003). 
Accessibility is a concept used in a number of fields (e.g. transportation planning, 
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marketing, geography and urban planning), first raised and defined in mid-20th 
century as “the potential of opportunities for interaction” (Stewart 1947; Hansen 
1959), driven by the quantitative revolution. It has taken on a variety of meanings, 
including “the physical proximity of two or more locations, the activity opportunities 
available in a geographical region, and the freedom of individuals to decide whether 
or not to participate in different activities”, such as work, shopping, and recreation 
(Burns 1979). 
Accessibility is determined by the distributions of the demand (from an individual or a 
group of individuals) and the supply (from provider/facility/opportunity) and how they 
are connected in space via transportation network. Accessibility can be defined as 
the ability to reach, obtain or afford services; and the freedom of individuals to decide 
whether or not to participate in different activities (Hägerstrand 1970; Burns 1979; 
Weibull 1980). The availability of service, level of service, attractiveness of the 
supply, opportunities provided by the supply and temporal factors can all affect 
accessibility (Stone 1973; Breheny 1978; Geurs and Wee 2004). Accessibility also 
“denotes the ease with which any land-use activity can be reached from a location, 
using a particular transport system” (Dalvi 1978; BTS 1997; Geurs and van Eck 
2001) and the benefit provided a transportation system (Ben-Akiva and Lerman 
1979). 
Health care accessibility has been classified into two broad categories: potential 
accessibility and revealed accessibility (Joseph and Phillips 1984; Thouez et al. 
1988; Phillips 1990; Khan 1992; Luo and Qi 2009).  
Potential accessibility emphasizes “having access” and denotes the probable 
utilization of a service, the availability of services moderated by space or the 
distance variable, the aggregate supply of health care resources available in an 
area, the nature and spatial pattern of physical access to service facilities, or the 
spatial separation between supply and demand which could be represented as travel 
impedance in terms of distance, time or cost (Joseph and Phillips 1984; Khan 1992). 
Joseph and Bantock (1982) said that “given a maximum range for the service being 
offered at a facility and assuming that every member of the population is a potential 
user of the service, the pattern of physical accessibility will depend only on the 
relative location of the population and the service facilities” Most studies examine 
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potential access for providing a basis for government planners and public policy 
makers to evaluate the existing service delivery system and identify strategies for 
improvement (Wang 2006). 
Revealed accessibility focuses on “gaining access” or the actual use of health care 
services, and emphasizes whether individuals have the resources to overcome 
financial, organizational and socio-cultural barriers and utilize that service. Revealed 
accessibility is dependent on barriers and facilitators of both the service system and 
the potential users, might be reflected by the frequency or the level of satisfaction of 
using a service, and would need to be obtained through a survey (Aday and 
Andersen 1974; Joseph and Bantock 1982; Field and Briggs 2001; Higgs 2004; 
Wang 2006). 
Penchansky and Thomas (1981) broke down access to health care services into five 
dimensions: (1) Availability - the resources and supplies available and provided by 
the health care system, asks whether the health care needs of the population can be 
met by the supply of services; (2) Accessibility - the distance/time/cost to the health 
care service, looks at the location of the population in relation to facilities offering the 
services; (3) Affordability - the cost of health care, considers the link between the 
cost of the services provider and the ability of the client to pay for the given service; 
(4) Acceptability - the extent to which health care delivery meets consumer 
expectations, considers patient satisfaction with services provided; and (5) 
Accommodation - the health care system‟s responsiveness to consumer constraints 
and needs, as in wait times and response to services requests, and examines 
whether the services meet the needs of the population.  
The first two dimensions are spatial in nature, and the last three dimensions are 
essentially non-spatial. Availability implies the number of local service points from 
which a client can choose or “the presence of enabling resources” (Andersen 1995). 
Accessibility implies travel impedance between locations of population and facilities. 
In urban areas, where choices of different health care facilities with similar distance 
are common, the two dimensions should be considered simultaneously (Guagliardo 
2004). Some literature refers to this fusion as “spatial accessibility”, or „geographical 
accessibility‟, a term that is common in the geography and social sciences literature 
and is gaining favour in the health care geography literature (Khan and Bhardwaj 
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1994; Luo and Wang 2003; Guagliardo 2004; Luo 2004). 
Based on spatial factors and non-spatial factors (Joseph and Phillips 1984) and their 
interactions, both revealed accessibility and potential accessibility can be further 
divided into spatial accessibility and non-spatial accessibility (Khan 1992; Guagliardo 
2004). The spatial accessibility emphasizes the importance of spatial separation 
between supply (provider) and demand (consumer) as a barrier or a facilitator, the 
role of geographic location and distance in the interactions between health services 
and population demands, refers to the ease with which residents of a given area can 
reach medical services and facilities (Joseph and Bantock 1982; Hewko et al. 2002; 
Luo and Wang 2003; Talen 2003; Apparicio et al. 2008; Lei and Church 2010; Mao 
and Nekorchuk 2013). Non-spatial accessibility stresses non-geographic barriers or 
facilitators, which include many demographic and socioeconomic variables such as 
social class, income, age, sex, race, education, language barriers and so on (Joseph 
and Phillips 1984; Meade and Earickson 2000; Wang 2001; Wang and Luo 2005; 
Wang 2012).  
Non-spatial factors also interact with spatial access (Meade and Earickson 2000; 
Lovett et al. 2002; Martin et al. 2008). Health care needs and travel behaviour are 
different for different population groups (Morrill and Kelley 1970; Agency for 
Healthcare Research and Quality 2010), and the socio-demographic variables for 
certain priority populations (such as racial and ethnic minorities, low-income groups, 
women, children, older adults, residents of rural areas, and individuals with 
disabilities or special health care needs) may be consolidated into one summary 
score of health needs (McGrail and Humphreys 2009a), which “allows non-spatial 
factors to be used to adjust the definition of demand in spatial accessibility 
measures, providing one way of integrating spatial access and non-spatial factors in 
a unified accessibility measure” (Wang 2012). 
2.3 Quantitative Measures of Accessibility 
Researchers and planners have had a long-standing interest in the measurement of 
accessibility; numerous studies have been carried out to presenting quantitative 
approaches to measuring accessibility to services (Hansen 1959; Wachs and 
Kumagai 1973; Koenig 1980; Arentze et al. 1994; Handy and Niemeier 1997; Kwan 
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1998; Parker and Campbell 1998; Talen 2003; Higgs 2004). 
Generally, three factors are critical for measuring potential spatial access to health 
care services: population demand for the services; capacity/supply of health care 
services; and geographical separation, spatial proximity or travel impedance 
between demanding populations and health care facilities (Wing and Reynolds 1988; 
Gao 1995; Luo 2004; Wan et al. 2011; Luo and Whippo 2012; Wan et al. 2012). 
Population demand is the number of people who potentially need the service. Health 
care capacity refers to the amount of supply in terms of health care services. It can 
be represented by the number of hospital beds, physicians or specific facilities (Wan 
et al. 2012). Travel impedance refers to the extent to which the distance/time/cost 
between population demand and service location would influence access. In general, 
a smaller population demand, larger health care service capacity, and weaker travel 
impedance imply higher spatial access to health care services. 
Potential spatial accessibility may be measured in terms of regional availability or 
regional accessibility (Joseph and Phillips 1984). The regional availability approach 
focuses on distribution of supply versus demand within a region, by means of a 
provider-to-population ratio (or its variation) within that region. The regional 
accessibility approach considers potential for complex interaction between supply 
and demand existed at different locations and thus is more complex and requires 
more data (Joseph and Phillips 1984). 
Guagliardo (2004) classified measures of accessibility to health care services into 
four categories: provider-to-population ratio, distance to the nearest provider, 
average distance to a set of providers and the gravity model. Geurs and van Wee 
(2004) grouped accessibility measures into four different categories: infrastructure-
based measures, location-based measures, person-based measures and utility-
based measures. Apparicio et al. (2008) identified five commonly used measures of 
accessibility: distance to the nearest provider, the number of services within a certain 
meters or minutes, the mean distance to all services, the mean distance to a certain 
number of closest services, and the gravity model.  
In the following section, accessibility measures are reviewed according to the 
following seven categories: (1) Opportunity-based measures, focusing on the total 
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amount of supply available within specified areas; (2) Ratio-based measures, 
focusing on the quantitative relationship (ratios) between demand and supply within 
specified areas; (3) Travel impedance based measures, focusing on the spatial 
relationship between demand and supply as well as the efficiency associated with 
the transportation infrastructure under consideration; (4) Gravity-based measures, 
taking into account the demand, supply and spatial separation to decide the level of 
supply for specified demand locations; (5) The floating catchment area (FCA) based 
methods, essentially gravity-based, incorporated the form of provision-to-population 
ratio to be intuitive to interpret become very popular and widely applied in measuring 
spatial accessibility to health care facilities; (6) Utility-based measures, considering 
the supply and spatial separation from users‟ perspective to determine the relative 
benefits to individuals; and (7) Space-time measures, relating supply and spatial 
separation with individual‟s needs and space-time constraints.  
2.5.1 Opportunity-based Measures 
The simplest measures of accessibility are opportunity-based measures, and include 
the opportunity weighted by impedance decay (which is a decreasing function of 
travel distance/time/cost) (Dalvi 1978; Wachs and Koenig 1979; Koenig 1980), as 
expressed in Eq. 2.1, and the isochonic measure, which simply counts the number of 
opportunities that can be reached or is available within a certain travel 
distance/time/cost from the residential locations of population (Wachs and Kumagai 
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Where Ak is the accessibility from zone k to the considered type of opportunities, Oj 
is opportunity of the considered type in zone j, dkj is travel distance/time/cost from k 














A                                                                                             (2.2) 
Where Ak is the accessibility of origin k, Oj is the attractiveness at destination j for a 
given set of opportunities, dkj is the travel distance (time or cost) from origin k to 
if dkj ≤ L 
if dkj > L 
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destination j, and L is a given distance (time or cost) limit. This measure only take 
supply into account, both differences in demand and travel impedance are not 
considered. 
The isochronic measure can be considered as a particular form of Eq. 2.1, with an 
impedance function equal to 1 (for dkj ≤ L) or 0 (for dkj > L). The attractiveness of a 
destination can be a function of the number of opportunities found there, such as the 
number of physicians, number of employment opportunities, number of retail and 
service outlets, and the number of industrial activities and recreational opportunities. 
Examples of its use also include Wickstrom (1971), Sherman et al (1974) and 
McKenzie (1984). In both types of opportunity-based measures, the demand is not 
considered. 
2.5.2 Provider-to-population Ratios 
When considering both the demand and supply, provider-to-population ratios or 
„regional availability measures‟ are characterised by utilising no spatial movement 
data but rather a categorisation of populations and health care services that are 
located within a common boundary. To calculate the container-based regional 
availability, the opportunities within predetermined areal units (containers) are 
summed and then divided by the population of the areal unit. These ratios are simple 
to calculate because the data for both the population size and the number of 
opportunities are commonly available. Additionally, these ratios are easy to interpret 
and readily understood, making them popular tools for policy analysts (McGrail and 
Humphreys 2009b). Provider-to-population ratios have been widely used by 
government agencies to identify areas of workforce shortages, for urban planning 
requirements, and to prioritise the allocation of health care resources (Wang 2006). 
For example, Starfield et al. (2005) stated that the number of primary care 
physicians per 10,000 populations is the measure of „supply‟. 
Provider-to-population ratios are most useful when applied to large scale 
geographies such as comparisons between countries or states within countries. 
However, when applied to geographically smaller and more densely populated urban 
centres, they have two significant limitations (Roeger et al. 2010). Firstly, the 
provider-to-population ratios ignore patient border crossings that occur when 
 22 
patients utilise services in close-by facilities located outside the bounded area in 
which they reside. In other words, they assume people are restricted to one area and 
do not go beyond the area to seek health care. This problem can be substantial in 
urban centres when relatively small areas are chosen as the unit of analysis 
(Guagliardo 2004).  
Secondly, the provider-to-population ratios obscure variation that may occur within 
bordered areas, without considering any travel impedance. They assume all 
individuals within an area have equal access to the service regardless of how far 
away they live or work from health care sites. Variations within bordered areas are 
most likely in geographically large bordered areas that span diverse population 
densities, social groups or geographies. Consequently, the results derived from the 
bordered area studies can vary greatly depending on size, number and configuration 
of the areal units studied. This problem is well-known to geographers and spatial 
analysts as the modifiable areal unit problem (MAUP) (Openshaw 1984; Anselin 
1988). 
Given this competing interest between the two assumptions, it follows that the 
provider-to-population ratios are an overly simplistic method for the calculation of 
spatial accessibility (Fortney et al. 2000; Pong and Pitblado 2001; Luo and Wang 
2003; Guagliardo et al. 2004; Asada and Kephart 2008). 
2.5.3 Travel Impedance based Measures 
Travel impedance (in terms of distance, time or cost) to the nearest service/facility 
from a person‟s residence or from a population centre is a simple, intuitive and 
commonly used measure of spatial accessibility (Fortney et al. 2000; Hewko et al. 
2002; Rosero-Bixby 2004). However, travel impedance to the nearest service facility 
only captures proximity between population and service locations with no account 
taken on either the capacity of the service provider or the size of the population. 
Additionally, bypassing the nearest service is frequently observed where populations 
commonly have more than one health service facilities to choose from (Fryer et al. 
1999; Goodman et al. 2003; Hyndman et al. 2003). Therefore, these measures have 
been assumed to be good measures of spatial accessibility only for rural areas, 
where provider choices are very limited, but are ineffective measures of spatial 
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accessibility for urban settings where at similar distances from any reference point 
usually exist an array of provider options and overlapping of primary care services 
catchments (Fryer et al. 1999; Guagliardo 2004; McGrail and Humphreys 2009b). 
Four types of spatial units are typically used for calculating travel impedance based 
accessibility measures: (1) Euclidean (straight-line) distance (Truelove 1993; 
Truelove 2000); (2) Manhattan (rectangular) distance or distance along two sides of 
a right-angled triangle opposed to the hypotenuse (Fotheringham and Brunsdon 
2000; Apparicio et al. 2003; Witten et al. 2003; Apparicio and Seguin 2006; Apparicio 
et al. 2008); (3) the shortest travel distance via a transportation network 
(Ottensmann 1994; Talen 1997; Talen and Anselin 1998; Cervero et al. 1999); and 
(4) the shortest travel time via a transportation network (Oberg 1976; Morris et al. 
1979). 
Calculation of network based travel distance or travel time (i.e., the shortest or 
fastest paths between two points via a street network) is more complex. Their 
computation necessitates integrating geometric network file (with directions, turning 
restrictions, speed limits, and delays available for each street segment) into a 
software package that is capable of transportation network analysis (e.g., ESRI‟s 
ArcGIS Network Analyst Extension or the TransCad software) (Apparicio et al. 2008). 
Estimations of travel time in an urban area are often rough at best, due to the wide 
variations in travel times that may occur as a result of large fluctuations in traffic 
volume throughout the day (Hensher 2001). 
2.5.4 Gravity-based Measures 
Gravity models estimate potential spatial access to services according to Newton‟s 
Law of Gravitation (Joseph and Bantock 1982). The gravity model provides a 
measure that accounts for both accessibility and availability (Weibull 1976; Joseph 
and Bantock 1982; Joseph and Phillips 1984; Shen 1998; Huff 2000; Wang and 
Minor 2002; Guagliardo 2004). The gravity model considers both the size of demand 
and the capacity of provision, and represents the potential interaction between any 
population point and all service points within a reasonable distance. The gravity 
model assumes that a population‟s spatial access to services is equal to the sum of 
impedance discounted provider-to-population ratios of all nearby provider sites. , 
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Whereby capturing bypassing, the gravity model assumes that the closest service is 
most likely to be chosen and the attractiveness of a service diminishes with distance 
and associated increasing travel impedance. 










                                                                                             (2.3) 
Where Ai is the accessibility at location i, Sj is the service capacity at location j, dij is 
the travel distance or time between i and j and β is the travel friction coeffient.  
Joseph and Bantock (1982) added a population demand adjustment factor, Vj, to the 
denominator. The factor spatially distributes population demand in the same way that 
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Where Pk is population size at point k, dkj is the travel distance between population 
point k and provider location j. 
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Given m population locations and n medical sites in a study region, another normally 
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Where Ai is the gravity-based spatial accessibility for population location i; Sj is the 
attractiveness of provider site j; Pk is the population size of location k; dij is the travel 
impedance (distance/time/cost) from i to j; and dkj is the travel impedance 
(distance/time/cost) from k to j. The distance based function, (d), also commonly 
termed distance decay function, is defined as the decline in likelihood of traveling to 
a particular point with increasing distance that must be travelled to reach that point, 
and determines how travel distance influences the accessibility. 
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Distance decay effect varies depending on the phenomena being studied, and is 
preferable to be examined separately for each individual study (Pirie1979), because 
“...the effects of distance seem to be different for different groups of people (and) for 
different services” (Joseph and Phillips 1984). Kwan (1998) claimed that the three 
most common forms of (d) are: the inverse-power function, the negative 
exponential function and the Gaussian function. Langford et al. (2012) pointed out 
two other commonly used distance decay weightings: linear decay and Butterworth 
filter. The commonly used functions that might be applied to create distance-decay 
weightings are shown in Figure 2.2. 
 
Figure 2.2: Common forms of distance decay functions 
While conceptually more rigorous and comprehensive, most criticism on the gravity 
model has concentrated on that it is not intuitive to interpret, it requires more data 
input to calculate, it is sensitive to zone size, and it is difficult to select or empirically 
determine the distance-decay function (Joseph and Phillips 1984; Luo and Wang 
2003; Guagliardo 2004; Luo and Qi 2009; Schuurman et al. 2010).  
Indeed, the frictional coefficient β in the distance decay function is usually unknown 
and may be region specific, its form and magnitude can vary greatly with the service 
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type and population under study and has to be determined by empirical investigation 
(e.g. physician-patient interaction data) (Talen and Anselin 1998; Huff 2000). 
Therefore, it is still problematic to thoroughly understand the influence of impedance 
coefficient on the values of spatial access calculated by gravity models. 
Since the determination of impedance decay is fairly subjective and reflects people‟s 
willingness of accessing a medical service whilst considering travel cost, it should be 
estimated using regression methods from actual physician-visiting data and health 
care utilization surveys (Schuurman et al. 2010). However, these data are generally 
not available. Instead, researchers tend to use arbitrarily-determined impedance 
coefficients when computing potential spatial access to medical services. This may 
be problematic because the values of accessibility may vary substantially when 
different values of coefficient are used and may bring significant uncertainties to the 
analysis results (Luo and Wang 2003; Wan et al. 2012). 
Invariably, the gravity model overemphasises the decay function which leads to 
results that are heavily spatially smoothed, with a highly concentric pattern of 
accessibility emerging. When applied to rural areas, this pattern is exacerbated in 
the case of relatively isolated towns, where little overlap of health services exists 
(Luo and Wang 2003; Wang 2006). 
2.5.5 Floating Catchment Area (FCA) Methods 
Earlier versions of the floating catchment area (FCA) method were used in 
accessing job accessibility (Peng 1997; Wang 2000). This method somewhat 
resembles kernel density model estimation, in which a „window‟ (kernel) is moved 
across a study area, and the density of events within the window is used to 
represent the density at the centre of the window, is superior to the regional 
availability measure in estimating spatial access to health care services because it 
considers both the distance decay effect and the cross-boundary-healthcare-seeking 
behaviours (Silverman 1986; Guagliardo 2004). In estimating the density, one may 
use a gravity model to weigh events by the inverse of distances from the centre. 
Kernel function is used to create a surface showing the predicted distribution of the 
service availability throughout the study area. The bandwidth of the kernel, is 
supposed to reflect the radius of a facility‟s potential service area. Raster data cells 
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near the facility location receive higher values of service capacity (i.e., accessibility), 
and those near the periphery receive very little (Guagliardo et al. 2004). Because 
facility service areas overlap in practice, the density value in raster data cells in 
these overlapping areas is the sum of contributions from all overlapping service 
areas (Yang et al. 2006).  
For simplicity, accessibility in a census tract is defined as the provider-to-population 
ratio within its catchment area (Luo 2004). Luo (2004) introduced a floating 
catchment area methodology whereby simple Euclidean buffers are placed at each 
census tract centroid enabling the computation of a provider-to-population ratio. This 
floating catchment area method still makes assumptions regarding the availability of 
services to the population contained within the circular area - that those services are 
equally available to all residents regardless of distance from the facility. Although this 
method overcomes assumptions regarding cross-boundary flows by extending the 
radius of the circle outside the immediate census zone, it is still limited by the use of 
a single point with which to represent population demand. 
A refinement of this methodology is the two-step floating catchment area (2SFCA) 
method introduced by Luo and Wang (2003), building on earlier work by Radke and 
Mu (2000). The 2SFCA method assessed both accessibility and availability 
simultaneously (Luo and Wang 2003; Luo 2004). It not only has most of the 
advantages of a gravity model, but is also intuitive/straightforward to interpret and 
easy to use, as it uses essentially a special form of physician-to-population ratio (Luo 
and Qi 2009). The method involves the following two steps: 
Step 1: For each physician location j, search all population locations (k) that are 
within a threshold travel time (d0) from location j (i.e. catchment area j), and compute 










R                                                                                      (2.7) 
Where Pk is the population at location k whose centroid falls within catchment j 
(dkj≤d0); Sj is the number of physicians at location j; and dkj is the travel time between 
k and j. 
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Step 2: For each population location i, search all physician locations (j) that are 
within the threshold travel time (d0) from location i (that is, catchment area i), and 

















RA                                                 (2.8) 
Where Ai
 is the accessibility at resident location i to physicians based on the 2SFCA 
method; Rj is the physician-to-population ratio at physician location j whose centroid 
falls within the catchment centred at population location i (i.e., dij≤d0); and dij is the 
travel time between i and j.  
A larger value of Ai indicates a better access to physicians at that population 
location. The first step assigns an initial physician-to-population ratio to each 
catchment (or service area) centred at physician locations, and the second step 
sums up the initial ratios in the overlapping service areas where residents have 
access to multiple physician locations (Luo and Wang 2003). This relatively 
sophisticated technique better accounts for the interactions between patients and 
physicians across administrative boundaries. It evaluates accessibility as the ratio 
between supply and demand, both determined within travel-time catchments. 
The 2SFCA method has been used in a number of recent studies measuring health 
care accessibility (Wang and Luo 2005; Bagheri et al. 2006; Langford and Higgs 
2006; Scott et al. 2006; Yang et al. 2006; Wang 2007; Cervigni et al. 2008; Wang et 
al. 2008; McGrail and Humphreys, 2009a,b; Dai 2010; Schuurman et al. 2010; Dai 
2011; Dai and Wang 2011; Ngui and Apparicio 2011; Wan et al. 2011; Wang and 
Roisman 2011). However, this method has two limitations (Luo and Wang 2003): (1) 
it does not differentiate distance impedance within the catchment (i.e. all population 
locations within the catchment are assumed to have equal access to physicians) and 
(2) it is a dichotomous measure (i.e. all locations outside of the catchment have no 
access at all).  
Yang et al. (2006) compared the KD method with 2SFCA method and found that 
2SFCA performs better than KD, but pointed out the need to vary the radius of 
service area according to the type of provider or the type of neighbourhood and 
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determine the appropriate distance decay function. The KD method is not useful in 
identifying local areas that have low accessibility while the 2SFCA method is a 
powerful tool for this (Yang et al. 2006). 
Wang and Luo (2005) compared the 2SFCA method with the gravity model. Careful 
examination of the two methods further reveals that the 2SFCA method is merely a 
special case of the gravity models (Wang 2006). The 2SFCA method treats distance 
(time) impedance as a dichotomous measure; i.e., any distance (time) within a 
threshold is equally accessible, and any distance (time) beyond the threshold is 
equally inaccessible. In the 2SFCA method, a larger threshold distance or time 
reduces variability of accessibility across space, and thus leads to stronger spatial 
smoothing (Fotheringham et al. 2000). In the gravity model, a lower value of travel 
friction coefficient β leads to a lower variance of accessibility scores, and thus 
stronger spatial smoothing (Wang 2006). The effect of a larger threshold travel time 
in the 2SFCA method is equivalent to that of a smaller travel friction coefficient in the 
gravity model. Indeed, a lower β value implies that travel distances or times matter 
less and people would travel farther to see a physician. 
The gravity models seem to be more theoretically sound than the 2SFCA method. 
However, the 2SFCA method may be a better choice in some cases for two reasons 
(Wang 2006). First, the gravity models tend to inflate accessibility scores in poor-
access areas, compared to the 2SFCA method, but the poor-access areas are 
usually the areas of most interest to many public policy makers. Second, the gravity 
models also involve more computation and are less intuitive. In particular, finding the 
value of the distance friction coefficient β is difficult and often infeasible to derive, 
since it requires actual travel data and such data are often unavailable or costly to 
obtain.  
Several studies have attempted to improve the 2SFCA method focusing on the 
following questions: (1) What type of spatial unit should be used for calculating travel 
impedance? (2) Which is the best decay function to capture the distance decay 
behaviour in physician visits function? (3) What is the reasonable catchment area 
size of physician services (McGrail 2012)? 
Unlike most prior work using straight-line distances or travel time estimation, Luo 
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and Qi (2009) used detailed and updated street network data to accurately estimate 
travel time zones around physician locations. Instead of using dichotomous 0 and 1 
in 2SFCA method, a three discrete Gaussian decay (E2SFCA method, Luo and Qi 
2009), a kernel density (KD) function (Guagliardo 2004, Dai and Wang 2011), a 
three-zone hybrid (McGrail and Humphreys 2009a), a Gaussian function (Alford et 
al. 2008; Dai 2010), a Butterworth filter function (Langford et al. 2012) or a 
downward log-logistic distance decay function (Delamater 2013) has been used to 
combine continuous decay function with the 2SFCA method (Wang 2012). The 
radius of service area might needs to vary according to the type of provider or the 
type of neighbourhood (Yang et al. 2006). McGrail and Humphreys (2009b) 
introduced a cap function to limit the size of the catchment. Luo and Whippo (2012) 
used variable catchment sizes for the 2SFCA method. Any debate over the best 
function or the right size for catchment areas cannot be settled without analysing 
real-world health care utilization behaviour (Wang 2012).  
For example, a modified 2SFCA method implemented by Langford et al. (2012) 
considered the continuous decay function in measuring transit system accessibility, 
as follows: 
Step 1: At each facility j, the attractiveness Sj of the facility is recorded. Search all 
residential MBs (represented as the centroid of the MB) k that lie within a threshold 










R                                                                                 (2.9) 
Where Sj is the attractiveness of a facility; Pk is the population count at location k that 
lies within the service area catchment j (i.e. dkj ≤ d0); dkj is the shortest network 
distance between locations k and j; d0 is the threshold distance; and Wkj is the 
distance-decay weighting.  
Step 2: At each residential MB k, search all facilities j that lie within a threshold 
distance d0 of location k, the spatial accessibility (Ak) is measured by summating the 
supply ratios obtained from Step 1 weighted by the distance decay Wkj: 
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  )( 0ddj kjjk kj WRA                                                                                (2.10) 
Wan et al. (2012) modified the E2SFCA method and introduced the 3SFCA method 
by incorporating the potential for competition among facilities. The 3SFCA method 
concerned the fact that people‟s demand on one service site can get lower when 
other sites are available at the same time. Wan et al. (2012) stated that “the 3SFCA 
assumes that a local population demand at a nearby service site is affected by the 
population travel cost to that site as well as its travel costs to adjacent service sites.” 
Wan et al. (2012) suggested that, by failing to include the potential for competition, 
the 2SFCA and E2SFCA overestimate the potential population demand in cases 
where multiple facilities are accessible to a population location. To correct for this, 
the 3SFCA includes an initial step to calculate a selection weight (G) for all 
population and facility pairings. To determine the G value for a population unit k and 
facility j pairing, their specific pairwise weight value Wkj is divided by the sum of all 
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D                                                                          (2.12) 
  )( 0ddj kjkjjk kj GWDA                                                                           (2.13) 
Delamater (2013) simulated several systems of population units and facilities to 
illustrate the implications associated with the incorporation of the selection weights 
and output of the 3SFCA method, confirmed that the E2SFCA method provides 
empirical values matching the expected logic-based outcomes, while the 3SFCA 
method does not. The 3SFCA method overestimates the role of competition, leading 
to both over and underestimation of spatial accessibility for population units within 
the system (Delamater 2013). Delamater then introduced a M2SFCA method, in 
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which a specific supply ratio is constructed for each population unit and health care 










D                                                                             (2.14) 
Where Sj is the attractiveness of a health care facility; Pk is the population count at 
location k that lies within the service area catchment j (i.e. dkj ≤ d0); dkj is the shortest 
network distance between locations k and j; d0 is the threshold distance; and Wkj is 
the distance-decay weighting.  
The second step in the M2SFCA is the same as the E2SFCA. For each population 
unit, the facilities falling within d0 are located. The pairwise supply ratio of each 
facility is multiplied by the pairwise weight value and summed: 
  )( 0ddj kjkjk kj WDA                                                                              (2.15) 
The significant difference between the supply ratio step in the M2SFCA method and 
the corresponding step in previous FCA methods is that specific pairwise supply 
ratios are calculated for each facility and population unit pairing. Previous FCA 
methods employ a single supply ratio for each facility. This slight modification 
essentially moderates the overall supply ratio of each facility in accordance with the 
distance separating the facility and the population units, while also considering the 
potential demand as calculated in the E2SFCA method (Delamater 2013). 
Luo and Whippo (2012) proposed a variable catchment sizes for the two-step 
floating catchment area (V2SFCA) method to dynamically determine provider and 
population catchment sizes by incrementally increasing the catchment until a base 
population (BP) and a provider-to-population ratio (PPR) are met, measured by the 
following four steps: 
Step 1, for each provider location, search all population locations within a specified 
initial travel time t0 (e.g. t0 = 10 min) and sum the population. If the summed 
population is less than the BP threshold, the “search radius” time is increased by a 
small increment Δt (e.g. Δt = 2 min) and the process is repeated until the summed 
population reaches the BP threshold. The travel time at that point is considered the 
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catchment size for that provider location. At this step, the PPR is also calculated and 
assigned to the provider location. 
Step 2, for each population location, search all provider locations within an initial 
travel time t0 (e.g. t0 = 10 min) and sum PPRs of these provider locations obtained 
from step 1. If the summed PPR is less than the predefined threshold, the time is 
increased by a small increment Δt (e.g. Δt = 2 min) and the process is repeat unit the 
summed PPR exceeds the predefined threshold. The travel time at that point is set 
as the catchment size for that population location. 
Step 3, for each provider location j, search all population locations k that are within 
the catchment of provider location j (Cj), and compute the provider-to-population 









R                                                                                (2.16) 
Step 4, for each population location i, search all provider locations j that are within 
the catchment area of population location i (Ci), and sum up the provider-to-
population ratios, Rj, at these locations, discounted by distance decay Wij: 
  )( iij Cdj ijji WRA                                                                                 (2.17) 
2.5.6 Utility-based Measures 
Utility-based measures relate accessibility to the notion of consumer surplus in 
microeconomic theory and apply random utility theory to model the behaviour of and 
net benefits to users of a transportation system (Ben-Akiva and Lerman 1979, Geurs 
and van Wee 2004). These measures interpret accessibility as the outcome of a set 
of transport choices, and thus are useful in economic or social evaluations. “Utility 
theory addresses the decision to purchase one discrete item from a set of potential 
choices, all of which satisfy essentially the same need” (Geurs and van Wee 2004). 
Utility-maximising choice behaviour implies that the benefit or consumer surplus 
received by an individual is the maximum utility of a choice set.  
Utility based measures are designed to capture the benefit to users from 
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accessibility to opportunities, and are often used as measures of economic utility or 
as indicators for social equity (or other sustainability objectives). These measures 
can also be applied as behavioural indicators, measuring the value individuals pay 
for the accessibility of particular activities (Geurs and van Wee 2001). 
Behavioural utility based measures usually have two main assumptions: (1) people 
associate a cardinal utility with each of the alternatives they are facing (e.g. with 
each available destination, travel mode or route) and take the choice associated with 
the maximum utility to them as individuals; and (2) as it is not possible for a planner 
to evaluate all factors affecting the utility associated with each alternative by a given 
individual, this utility can be represented as the sum of a non-random component (for 
the predictable factors) and a random component (for the non-predictable factors) 
(Koenig 1980). 
Assuming that an individual p assigns a utility to each destination choice in a choice 
set Cp, and selects the alternative that maximises his or her utility, then, the 
individual‟s accessibility Ap can be defined as the denominator of the multinomial 
logit model (Small 1992) and expressed as Eq. 2.18: 
  pCq pqp uA expln                                                                               (2.18) 
pqpqpq cvu                                                                                         (2.19) 
Where upq is the benefit associated with opportunity q, to individual p, vpq is the value 
(gross utility) of making the trip to take opportunity q, cpq is the travel cost for 
individual p to travel to opportunity q, and β is a cost-sensitivity parameter. This type 
of accessibility measure indicates the desirability of the full choice set Cp (Small 
1992). 
Geurs and van Wee (2004) noted that the utility-based measures “are able to 
compute transport-user benefits of both land-use and transport projects, as 
accessibility changes may be the result of transport changes, land-use changes or 
both.” Utility-based measures incorporate non-linear relationships between 
accessibility improvements and user-benefit changes, showing diminishing returns. 
This may suggest that it is better to improve accessibility for individuals at locations 
with low accessibility levels than at locations that are already well accessible (Koenig 
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1980; Geurs and Ritsema van Eck 2001) 
Utility-based measures are difficult to interpret and communicate (Geurs and van 
Wee 2004) and cannot be easily explained without reference to relatively complex 
theories, of which most planners or policy makers may not have a complete 
understanding (Koenig 1980). In addition, data needed by the utility-based measures 
are often not readily available and different model specifications are often difficult to 
be compared. Therefore, utility-based measures are not often used in practical 
applications. 
2.5.7 Space-time Measures 
Most space-time measures of individual accessibility are based on Hägerstrand‟s 
(1970) time geography framework. These measures analyse accessibility from the 
viewpoint of individuals incorporating spatial and temporal constraints, determining 
whether and how observed or assumed individual or household activity programmes 
can be carried out with given space-time restrictions. An important aspect of space-
time measures is their emphasis on the range and frequency of activities in which a 
person takes part in and whether it is possible to sequence them so that all can be 
undertaken in the possible path (Jones 1981). In other words, good accessibility 
should include not only good spatial or locational accessibility but also temporal 
accessibility. The fundamental construct of space-time accessibility measures is the 
space-time prism, which consists of a set of locations in space-time that are 
accessible to an individual, given (1) the locations and duration of fixed activities, (2) 
a time budget for flexible activity participation, and (3) the travel velocities allowed by 
the transportation system (Hägerstrand 1970). 
Bhat et al (2000) identify three types of time constraints: capability constraints 
(limitations to the number of activities a person can accommodate within a given 
time frame); coupling constraints (the need to be in particular places at particular 
times); and authority constraints (the times of operation of given activities, or of 
components of transport infrastructure/service). Space-time measures are highly 
suitable for the evaluation of trip-chaining and of spatial clustering effects of activities 
(Burns 1979, Hall 1983, Baradaran and Ramjerdi 2001). Both Bhat et al (2000) and 
Geurs and van Eck (2001) point out, however, that the information required for this 
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approach is not usually available from standardised travel surveys and therefore 
often needs to be collected specifically. This limits the opportunities for data 
aggregation over larger areas, and the compatibility of data sets collected in different 
surveys. Baradaran and Ramjerdi (2001) further note that the recognition of time 
constraints alone in space-time measure does not yet do justice to the full spectrum 
of motivations for individual travel choices. 
Miller (1991) discussed the derivation and manipulation of space-time prism 
concepts within a GIS; identified the required system inputs and desired outputs; and 
described a generic GIS based procedure for computing network-based space-time 
prism measures. By reconciling the space-time approach with gravity-based and 
utility-based theoretical frameworks for accessibility measurement, Miller (1999) 
derived space-time accessibility and benefit measures that are founded in micro-
economic theory, consistent with the rigorous axiomatic framework for accessibility 
measures (Weibull 1976), and opened up the possibility of using person-based 
accessibility measures in economic evaluations. Miller (1999) also developed 
computational procedures for calculating these measures within network structures 
which can be applied at the urban-scale using a GIS.  
Based on the construct of a prism-constrained feasible opportunity set, Kwan (1998) 
developed twelve space-time accessibility measures; compared the relationships 
and spatial patterns of these measures using network-based GIS procedures. Kwan 
(1998) found that space-time measures are more capable of capturing interpersonal 
differences and activity-based contextual effects; that conventional integral 
measures or traditional location-based accessibility measures may not be able to 
reveal these effects, especially the effect of space-time constraints; and that space-
time measures are more gender ethnic sensitive and helpful for unravelling 
gender/ethnic differences in accessibility. Kwan (1998) also warned that “even when 
problems of the zone-based method are avoided, the analyst should be careful when 
inferring personal accessibility from place accessibility since they may have only 
weak relationships”. 
To realistically evaluate individual space-time accessibility within cities, Weber and 
Kwan (2002) implemented space-time measures in GIS by incorporating locally 
specific travel times within a street network, considering both traffic congestion and 
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business hours, and emphasized the importance of the temporal dimension in 
accurately assessing individual accessibility. They showed that incorporating time 
into accessibility measures in the form of evening congestion leads to sharp and 
highly spatially uneven reductions in individuals‟ access or mobility throughout the 
city. Dijst and Vidakovic (2000) examined the relation between travel time and stay 
time and operationalized this relation with the concept of „travel time ratio‟. Dijst et al 
(2002) developed a theoretical and methodological space-time framework based on 
the concept of action spaces to analyse the opportunities for transport mode change 
of different types of households in various areas. 
Space-time measures of individual accessibility have great theoretical advantages: 
they satisfy almost all theoretical criteria as a result of the disaggregate approach 
taken. However, as other measures discussed so far, space-time measures do not 
account for competition effects. Space-time measures are demand-oriented and do 
not include potential capacity constraints of supplied opportunities (Geurs and van 
Wee 2004). This makes the measures less suitable for analysis of job accessibility or 
other opportunities where competition effects occur. The strongest disadvantages of 
space-time measures are related to operationalization and communicability. Despite 
advances in GIS and spatial modelling, operationalization of person-based space-
time accessibility measures still face many difficulties, including the detailed 
individual activity–travel data required, their computational intensity and the lack of 
feasible operational algorithms (Kwan 1998). In practical applications, necessary 
data on an individual‟s time budgets are often unavailable from standard travel 
surveys (Thill and Horowitz 1997). The applications are often restricted to a relatively 
smaller region and subset of the population because of the large data requirements. 
Hence, the results are difficult to aggregate to evaluate accessibility to population 
groups and/or to a higher geographical scale (Geurs and van Wee 2004). 
2.4 Thematic Mapping and Hotspot Analysis 
For thematic mapping of quantitative attribute data, several standard classification 
schemes such as classification methods based on natural breaks (Jenks), quintiles, 
equal intervals and standard deviations, are often used to classify/group similar 
values to illustrate and display spatial patterns (Mitchell 1999; ESRI 2012). It has 
been a challenge in producing useful thematic maps to show spatial variations of 
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numerical attributes of area units. Different classification schemes and the number of 
classes used often give very different visual impressions for the same dataset. 
The (Jenks) natural breaks scheme finds groupings and patterns inherent in the data 
by defining class breaks where there is a gap between clusters of values using 
Jenks Natural Breaks algorithm (Jenks 1967), to best group similar values and to 
maximize the differences between classes. This classification scheme is suitable for 
mapping data values that are not evenly distributed or clustered data (i.e. many 
features have the same or similar values, and there are gaps between groups of 
values), but not suitable for comparing maps built from different dataset since the 
class ranges are specific to each individual dataset.  
The quintile scheme puts an equal number of features in each class. It is suitable for 
comparing areas that are roughly the same size, mapping data in which the values 
are evenly distributed, and emphasizing the relative position of a feature among 
other features (e.g. in the top 20%) or emphasizing the relative difference between 
features. When values cluster or when the areas vary greatly in size, however, 
features with closer values may end up in different classes and the result may skew 
the patterns on the map. Increasing the number of classes is an effective way to 
minimize the quintile distortion. 
The equal intervals scheme specifies an equal range of values for each class, i.e. 
the difference between the high and low value is the same for each class, to 
generate patterns that are easier to interpret. It is suitable for mapping evenly 
distributed continuous data, such as precipitation and temperature, or emphasizing 
the difference between features. However, if the data values are clustered, it may 
result in many features in one or two classes and some classes with no features 
(Tyner 2010). 
The standard deviation scheme defines each class by its distance from the mean 
value of the dataset, and can be used to detect features above or below an average 
value. It is suitable for displaying evenly distributed data or data that has many 
values around the mean and few further from the mean (a bell curve or normal 
distribution) or for emphasizing the difference between features. This classification 
scheme is sensitive to very high or low values which can skew the mean and put 
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most features into one class. In addition, the map generated by standard deviation 
does not show the actual values of the features, only how far their value is from the 
mean and consequently can be difficult to interpret. 
Any distribution of features or attribute values within a defined area will create a 
pattern. Geographical patterns range from completely clustered at one extreme to 
completely uniform at the other. A pattern that falls at a point between these 
extremes is said to be random (Mitchell 2005). Statisticians distinguish between 
measures that identify and quantify the pattern created by the features in the study 
area and measures that identify variation across the study area. The former, termed 
global statistics focus on whether or not the feature form a pattern across the study 
area and on what type of pattern it is. The latter, termed local statistics, focus on 
individual features and their relationship to nearby features, is useful for identifying 
the locations of clusters of features. Cluster analysis identifies whether and where 
groups of features with similar attributes are found (Mitchell 2005). The value of 
cluster analysis methods such as the Getis-Ord Gi* and Local Moran‟s I statistics lie 
in their utility in describing and visualising spatial distributions and patterns in a 
variety of environments. While Getis-Ord Gi* statistic is useful to identify hot and cold 
spots at a global level, the Anselin Local Moran‟s I (LMI) statistic identifies influential 
spatial outliers and clusters at a local level, and is therefore useful for decomposing 
the global hot spot analysis into observation-specific components (Anselin 1995). 
The Hot Spot Analysis tool in the ArcGIS software, for example, calculates the Getis-
Ord Gi* statistic for each feature in a dataset. The resultant z-scores and p-values 
indicate where features with either high or low values cluster spatially. This tool 
works by looking at each feature within the context of neighbouring features. The Gi* 
statistic indicates whether features with high values or features with low values tend 
to cluster in a study area. A feature with a high value is interesting but may not be a 
statistically significant hot spot. To be a statistically significant hot spot, a feature will 
have a high value and will be surrounded by other features with high values as well. 
If a feature‟s value is low, and the values for all of its neighbouring features are also 
low, it is a part of a cold spot (Getis and Ord 1992). A high positive GiZ score and 
small GiP value for a feature indicates a spatial clustering of high values. A low 
negative GiZ score and small GiP value indicates a spatial clustering of low values. 
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The higher (or lower) the GiZ score, the more intense the clustering. A GiZ score 
near zero indicates no apparent spatial clustering (Mitchell 2005). 
Spatial statistical techniques have been widely adopted in describing and analysing 
spatial patterns, and hotspot analysis proved to be an effective approach to reveal 
spatial clusters hidden in numerical spatial data. 
2.5  Summary 
This chapter summarizes findings from a systematic and comprehensive literature 
review on the following issues: (1) access to primary health care in Australia; (2) 
accessibility concepts and definitions; (3) accessibility measures; and (4) thematic 
mapping and hotspot analysis. 
Generally speaking, accessibility is conceptualized in terms of three key 
components, including population demand, service/facility supply and transportation 
network connecting the demand and supply (Figure 2.3). The population demand 
and service/facility supply are both spatially dispersed, where mismatches are often 
exhibited in certain parts of the geographical space. Spatial mismatches of demand 
and supply often lead to decreased operational efficiency of services/facilities for the 
whole service delivery system, and for the areas with low supply and high demand, 
the problem of spatial inequality and social injustice arises. 
 
Figures 2.3: Key factors related to accessibility  
Seven categories of accessibility measures have been reviewed, including 
opportunity-based measures, ratio-based measures, travel impedance based 
measures, gravity-based measures, utility-based measures, space-time measures, 
and floating catchment area (FCA) based measures. Among these measures of 
accessibility, opportunity-based measures are the simplest to implement, the easiest 
to interpret, but the least useful at revealing the true spatial variations/patterns of 
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accessibility. On the other extreme, space-time measures of individual accessibility 
can reveal the most realistic and detailed spatial variation in accessibility but their 
applications are constrained by the difficulty in operationalization and 
communicability, data availability and the difficulty in aggregation of results to 
evaluate accessibility to population groups and/or to a higher geographical scale. 
Ratio-based measures consider the proportion between the demand and provision 
but ignore the travel impedance, the differences among the demands or among the 
opportunities, as well as the spatial configurations of the opportunities, demands and 
transportation infrastructures. Travel impedance based measures focus on the 
spatial relationship between demand and supply as well as the efficiency associated 
with the transportation infrastructure under consideration, but tend to treat all 
opportunities as equal destinations and all demands as equal origins. Gravity-based 
measures integrate the opportunities/supply, demands, and spatial separations to 
determine the level of supply for specified demand locations, but ignore utilities and 
constraints at the individual level. Utility-based measures, consider the supply and 
spatial separation from the users‟ perspective to determine the relative benefits to 
individuals, but are often difficult to interpret. Inherited most of the advantages of a 
gravity model and using essentially a special form of physician-to-population ratio, 
the FCA based measures are intuitive/straightforward to interpret and easy to use. 
It has been a challenge in producing useful thematic maps to show spatial variations 
of numerical attributes of area units. Different classification schemes and the number 
of classes used often give very different visual impressions for the same dataset. For 
a single variable with bell-shaped normal frequency distribution, standard deviation 
based classification often results in a more useful thematic mapping of the variable. 
When considering the comparison among a set of variables and aiming at ranked 
outputs, the quintile based classification is a convenient and meaningful choice. The 
Getis-Ord Gi* statistic generated by hotspot analysis is useful for detecting and 
locating clusters of features with high values or low values in a study area. 
In Australia, poor access to health care facilities has been well documented for many 
rural areas, however, only a few studies have examined the distribution of primary 
health care facilities in the metropolitan regions of capital cities where the majority of 
the population live. Health policy makers need accurate and reliable measures of 
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accessibility as a planning support or the first step of essential policy intervention.  
This research mainly focuses on measuring the potential spatial accessibility and on 
revealing the spatial variation in accessibility and clusters of residential locations with 
poor accessibility to primary health care facilities in the MMA.
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Chapter 3 Methodology 
This Chapter presents a GIS-based approach developed in this research for 
measuring potential spatial accessibility to primary health care facilities from 
residential areas. The approach consists of the following tasks: 
 select a study area; 
 identify, collect and organize required data sets; 
 spatially disaggregate population data, calculate and map population density 
and concentration, and determine potential demand for primary health care 
facilities; 
 locate and map the distribution of primary health care facilities, determine 
and map the attractiveness of primary health care facilities; and 
 measure and map spatial variations in accessibility to primary health care 
facilities and identify spatial clusters of disadvantaged locations with poor 
accessibility to primary health care facilities. 
3.1 Selecting Study Area 
The selection of Study Area is guided by several criterions: the Study Area should be 
an urban area with a range of primary health care facilities and transportation 
infrastructures; most of the required datasets should be available and accessible to 
allow the study to concentrate on issues related to the measuring, mapping and 
analysing of accessibility to primary health care facilities; the Study Area should have 
easy access to enable cost-effective field based observations and verifications when 
necessary. 
Accordingly, the Melbourne Metropolitan Area (MMA) is selected as a suitable Study 
Area where intensive researches on accessibility to primary health care facilities are 
deemed worthwhile. Section 4.1 will present a concise summary of relevant features 
associated with the Study Area. 
3.2 Identifying, Collecting and Organizing Required Data Sets  
To measure accessibility to primary health care facilities, we need to know where the 
people live, where the primary health care facilities are located, and the spatial 
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configuration of the transport infrastructure that connects the users and providers of 
primary health care facilities. 
In Australia, census data with various attributes can be directly collected from the 
Australian Bureau of Statistics (ABS) website (http://www.abs.gov.au/). The 2011 
ABS census data sets have been used to map population distribution and determine 
potential demand for primary health care facilities. 
The data sets on transportation infrastructure, including road network, train stations, 
railways, bus stops, bus routes, tram stops and tram routes are gathered from the 
Department of Transportation (http://www.transport.vic.gov.au/), the Public Transport 
of Victoria (PTV) (http://ptv.vic.gov.au/) and the Department of Sustainability and 
Environment (DSE) Vicmap (http://www.dse.vic.gov.au/). Address points within 
residential zones are also gathered from the DSE Vicmap and are used to help re-
distribute population data in the Study Area from the Statistical Area Level 1 (SA1) 
units to the finer Mesh Block (MB) units (see Section 3.3 for more details). 
In this study, the car-based travel mode for visiting primary health care facilities is 
considered for measuring travel impedance. This choice is based on the following 
three considerations: (1) the average travel distances to the nearest GP clinics, 
pharmacies and dental clinics from residential MB centroids along the road network 
in the MMA are about 1.1 km, 1.3 km, and 1.7 km, respectively, which are beyond 
the designated normal walking distance to a public transport stop (NSW Government 
2004); (2) travelling by public transportation is complicated and inconvenient, since it 
often involves waiting time at the public transport stations, the walking time between 
residential locations and public transport stations and between public transport 
stations and health care facility locations, and the routes via public transport are 
usually inflexible and often takes a longer time; and (3) for a patient, it is usually 
desirable to get to the facility as quick as possible and sometime not appropriate to 
take public transport, considering the wellbeing of the patient and general public 
passengers. 
The locations of the three key types of primary health care facilities (i.e. GP clinics, 
pharmacies and dental clinics) and related information such as the number of GPs, 
opening hours and payment method (Bulkbilling or Fees apply) for each GP clinic, 
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are gathered from the Department of Human Services website 
(http://www.humanservices.gov.au/). The geocoded primary health care facility data 
sets are verified using the map data from the National Health Services Directory 
(http://www.nhsd.com.au/) and Google Maps (https://maps.google.com.au/). 
To enable efficient and effective measuring, mapping and spatial analysis, these 
collected datasets have been organised into a geodatabase in ArcGIS by means of 
tables, feature classes and feature datasets (Table 3.1). 
Feature classes are homogeneous collections of common features, each having the 
same spatial representation (such as points, lines, or polygons), and a common set 
of attribute columns. The four most commonly used feature classes are point feature 
class, line feature class, polygon feature class, and annotation (ESRI 2012). 
A feature dataset is a collection of related feature classes that share a common 
coordinate system. Feature datasets are used to spatially or thematically integrate 
related feature classes. Their primary purpose is for organizing related feature 
classes into a common dataset for building a topology, a network dataset, a terrain 
dataset, or a geometric network (ESRI 2012). 
The geodatabase storage model is based on a series of simple yet essential 
relational database concepts that leverages the strengths of the underlying database 
management system (DBMS). Simple tables and well-defined attribute types are 
used to store the schema, rule, base, and spatial attribute data for each geographic 
dataset. A feature class is stored as a table, often referred to as the base or business 
table. Each row in the table represents one feature. The shape column stores the 
shape geometry for each feature. The contents of the table, including the shape 











Feature classes Point Primary health care facility points, address 
points 
Polyline Road polylines 
Polygon MB boundary polygons, SA1 boundary 
polygons, LGA boundary polygons 
Feature datasets Population dataset MB centroids, MB boundary polygons, 
population statistical tables 
Transportation 
dataset 
Road junction points, road polylines, road 
attribute tables 
Primary health care 
facility dataset 
Primary health care facilities points, primary 
health care facilities table 
Administrative 
dataset 
LGA boundary polygons, locality boundary 
polygons, LGA attribute table, locality attribute 
table 
Tables Table Population statistical table, primary health care 
facilities attribute table, road attribute table 
Relationship 
classes 
Relationship class MB and SA1 relationship class, address point 
and MB polygon relationship class 
Raster datasets Image High resolution base map images 
3.3 Disaggregating Population Data and Determining 
Potential Demand for Primary Health Care Facilities 
In Australia, census based population data is gathered by the ABS every five years 
and is available at a range of enumeration levels. The population data at SA1 level in 
2011 can be downloaded directly from the ABS website. To measure spatial 
accessibility at a finer spatial resolution, made possible by the available MB level 
data, this research data on the 2011 SA1 level population are disaggregated into 
corresponding residential MB units. The value of conducting a spatial analysis at a 
finer spatial resolution of MB lies in that the study can focus on the residential areas, 
that the results can reveal subtle spatial variations (see maps shown in both Section 
4.2 and Chapter 5 for further illustrations), and that the results can be spatially 
aggregated into other larger spatial units as needed (see Section 6.1.3 for further 
illustrations with examples involving Medicare Locals). There are several methods of 
areal interpolation can be used for this disaggregation, including area weighting, line 
(street length) weighting and point (address) weighting. In this study, land use 
constrained address-weighting method has been implemented to generate the 
disaggregated population distribution. 
Knowing that the population density often varies spatially across urban space, and 
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assuming that the population are evenly distributed among residential addresses 
within SA1, the density of residential address points may be used as a surrogate or 
proxy for the population density. The address point ratio method implemented in this 
study for disaggregating the 2011 SA1 level population data into the corresponding 




























                                                      (3.1) 
Where MBpi is the population of residential MBi; SA1p is the population of the SA1 
that contains MBi; MBaddi is the number of residential address points that are located 
within MBi; and SA1add is the number of residential address points that are located 
within the SA1 that contains MBi.  
Considering the high needs for primary health care services, the MB level total 
population and the three population subgroups (children aged 0-4, females aged 15-
44, and seniors aged 65+) are examined in this study. Population density has been 
examined for both the total population and the three subgroups; and population 
concentration/proportion has been examined for the three subgroups. The residential 
population density is calculated by dividing each MB‟s population by the MB‟s 
residential area. The population concentration of a specified subgroup is calculated 
by dividing each MB‟s population of that subgroup by the MB‟s total population. 
Standard deviation based thematic maps are used in this study to show spatial 
variations in population density and population concentration. The population density 
and concentration values have been logarithmically transformed to support the 
standard deviation based classification. To compare potential demand with 
accessibility, the population potential demand needs to be measured. Considering 
population density and concentration separately cannot single-handedly reflect the 
level of population demand accurately, this study employed a method to combine 
population density and concentration together (Table 3.2, personal discussion with 
Dr Gang-Jun Liu) to better estimate the population potential demand for primary 
health care facilities from each residential MB for the three population subgroups. 
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The rules for assigning each residential MB a level of potential demand for primary 
health care facilities are summarised in Table 3.2. Each residential MB in the Study 
Area is assigned its respective level of population density or population 
concentration based on quintile classification: low (1st quintile), average- (2nd 
quintile), average (3rd quintile), average+ (4th quintile) and high (5th quintile). Any 
residential MB that satisfies the following conditions is assigned the highest level of 
demand for primary health care facilities (indicated by level 5 in Table 3.2): high level 
of population density and high level of population concentration; high level of 
population density and average+ level of population concentration; and average+ 
level of population density and high level of population concentration.  
Table 3.2: Five levels of potential demand defined by the quantitative relationship between 
population density and population concentration of a specific subgroup (personal discussion with 
Dr Gang-Jun Liu) 
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3.4 Locating Primary Health Care Facilities and Determining 
their Service Capacities 
Three types of primary health care facilities were selected for this study through the 
DHS website: the GP clinic, pharmacy and dental clinic, considering their relative 
significance (see Section 2.1 for more details) and the availability of data. For any 
community health centre or hospital that provides service similar to that provided by 
a GP clinic, dental clinic or pharmacy, its location is treated as a GP clinic, dental 
clinic or pharmacy, respectively (Figure 3.1). 
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Figure 3.1: Identifying and locating primary health care facilities 
The address of the primary health care facilities collected from the DHS website are 
carefully geocoded with the Vicmap address point data to their corresponding point 
locations. These addresses are modified into the format of the Vicmap address point 
data. For example, the address of a GP clinic downloaded from the DHS as “Suite 
201, Level 2, Chelsea House, 55 Flemington Road, NORTH MELBOURNE, VIC 
3051” is modified into the Vicmap address format “201/55 FLEMINGTON ROAD 
NORTH MELBOURNE 3051” to enable the address is correctly geocoded. 
Whenever necessary, the DHS website, Google Maps, the National Health Services 
Directory and the high-resolution aerial images from the ArcGIS basemap are 
consulted to ensure the accuracy of address geocoding results. 
Due to the limited time and data availability, facility attractiveness is considered only 
for the GP clinics (see Section 6.1 for more details). The facility attractiveness (Sj) at 
GP clinic j is quantified as a weighted linear combination of a set of GP clinic 




kkj wxS                                                                                           (3.2) 
Where xk is the score of the k
th attributes assigned for GP clinic j according to the 
conditions listed in Table 3.3, and wk is the weight assigned to attribute xk listed in 
Table 3.3. 
In this study, five attributes have been selected to quantify the facility attractiveness 
(Sj) for each GP clinic, including fees, opening hours, number of GPs, closeness to a 
commercial area, and closeness to a public transportation stop (personal discussion 
with Dr Gang-Jun Liu). Specific conditions for each of these attributes are grouped 
into three ranks, assigning the most favourable condition (e.g. the number of GPs > 
5) with a high score (i.e. sh = 1), the least favourable conditions (e.g. the number of 
 50 
GPs < 3) with a low score (i.e. sl = 0.4), and the middle conditions (e.g. the number 
of GPs is between 3 and 5) with a middle score (i.e. sm = 0.6). A specific GP clinic 
can have only one set of attribute conditions and thus be assigned only one score for 
each of the selected attributes. Consequently, a GP clinic with the most favourable 
conditions for the selected set of attributes will have a facility attractiveness of 1 (i.e. 
Sj = 1) but a GP clinic with the least favourable conditions for the selected set of 
attributes will have a facility attractiveness of 0.4 (i.e. Sj = 0.4). Efforts are also made 
to ensure that the weights assigned to the selected set of attributes add to one, as 
indicated in the first column in Table 3.3. 
Table 3.3: Weighting specifications for calculating the facility attractiveness of a GP clinic (personal 
discussion with Dr Gang-Jun Liu) 
Conditions for Selected GP 
Clinic Attributes 
Scores for 3 Ranked Conditions of Selected GP Clinic 
Attributes 
High 
(sh = 1.0) 
Middle 
(sm = 0.6) 
Low 



























 Fees (x1, w1 = 0.3) Bulkbilling only or 
no fee 
Fees & bulkbilling 
Fees apply or 
others 
Opening hours (x2, 
w2 = 0.25) 
Open both on 
normal hours and 
after hours/ >53 hrs 
Open (almost) 
completely on normal 
hours/ 48-53 hrs 
Open partly on 
normal hours/ < 
48 hrs 
Number of GPs (x3, 
w3 = 0.2) > 5 3, 4 or 5 < 3 
Closeness to a 
commercial MB (x4, 
w4 = 0.15) 
< 100 m 100-500 m > 500 m 
Closeness to a public 
transportation stop 
(x5, w5 = 0.1) 
< 50 m 50-150 m >150 m 
As for the pharmacies and the dental clinics, the best facility attractiveness (i.e. Sj = 
1) is assumed due to limited data availability. Theoretically, the accessibility score 
based on the assumed situation that no significant difference in attractiveness exist 
among the facilities of the same kind (i.e. assuming Sj = 1 for all facilities) is greater 
compared with the accessibility score derived with the Sj <= 1 scenario. (i.e. 
calculating Sj using Eq. 3.2). When relevant data on the attractiveness for each 
individual facility are unavailable or inaccessible, the approach implemented in this 
study can be used to provide a „best scenario‟ estimation of accessibility given the 
existing spatial configurations of locations of demand and provision of services and 
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transportation links. On the other hand, when more accurate data on the 
attractiveness for each individual facility become available/accessible, the approach 
implemented in this study can be used to provide a „more realistic scenario‟ 
estimation of accessibility given the existing spatial configurations of demand and 
provision of services and transportation links. 
The extent to which the results are influenced by the different facility attractiveness 
settings are illustrated in Section 6.1.1 with the GP clinic data. The GP clinic data 
indicate that the difference between the measured accessibility scores based on the 
assumed best conditions and the measured accessibility scores based on actual 
conditions can be useful for locating and prioritising facilities for further improvement. 
3.5 Measuring Spatial Accessibility to Primary Health Care 
Facilities 
As stated in the literature review, inherited most of the advantages of a gravity model 
and using essentially a special form of physician-to-population ratio, the FCA based 
measures are intuitive/straightforward to interpret and easy to use. The 
conceptualization of a more complex model like space-time model may sound 
reasonable, but the validation lies in the examining of actual travel behaviour of 
patients visiting the clinics. Considering the available data sets and time, the 
accessibility to individual type of primary health care facility from residential MB 
centroid is measured in this study with two floating catchment area (FCA) based 
methods, including the E2SFCA method and the M2SFCA method with each method 
incorporates road network based travel impedance discounted by continuous 
distance decaying effects. 
3.5.1 The E2SFCA Method 
The E2SFCA method implemented in this study is based on a modified 2SFCA 
method introduced by Langford et al. (2012). In this study, the method is 
implemented with two major steps: 
Step 1: At each primary health care facility j, the attractiveness Sj of the health facility 
is recorded. Search all residential MBs (represented as the centroid of the MB) k that 












R                                                                                 (3.3) 
Where Sj is the attractiveness of a health care facility; Pk is the population count at 
location k that lies within the service area catchment j (i.e., dkj ≤ d0); dkj is the shortest 
network distance between locations k and j; d0 is the threshold distance; and Wkj is 
the distance-decay weighting.  
Step 2: At each residential MB k, search all facilities j that lie within a threshold 
distance d0 of location k, the spatial accessibility (Ak) is measured by summating the 
supply ratios obtained from Step 1 weighted by the distance decay Wkj: 
  )( 0ddj kjjk kj WRA                                                                                  (3.4) 
The threshold distance d0 is set to be 4000 m in this study, based on the following 
considerations: 
 Firstly, the average driving speed in the residential areas in the MMA is 
around 50 km/h, and a 5-minute driving at this speed will cover a distance of 
about 4000 m. 
 Secondly, given the current spatial configuration of MB centroids and 
geocoded locations of the selected types of health care facilities in the MMA, 
there often exist several health care facilities in the 4000 m catchment 
centred at the MB centroid for most residential MBs. 
 Thirdly, given the ABS 2011 census data, about 98.5% of the population in 
the MMA can reach at least one GP clinic within a travel distance of 4000 m; 
more than 97% of the population in the MMA can reach at least one 
pharmacy within a travel distance of 4000 m; and more than 92% of total 
population can reach a dental clinic within 4000m travel distance (as shown 
in Figure 5.4). 
 Fourthly, given that most residents visit their local health care facilities in their 
respective localities, the average area of localities in the MMA is about 
16400000 m2 and the average radius of localities is therefore much less than 
4000 m. 
The distance-decay weighting values have been calculated in this study using two 
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decay functions:  
(1) The Gaussian decay function (as indicated by the green line in Figure 2.2) 
22 /kjd
kj eW                                                                                              (3.5) 
where β = d0 / 2, and dkj is the shortest network distance from the residential 
location k to facility j. 














 , n = 6, and dkj is the shortest network distance from the 
residential location k to facility j. 
The Butterworth filter alleviates the distance decay at short distances, considering 
people wouldn‟t mind a longer distance when it is within an acceptable extent (Figure 
2.2). 
In this study, the FCA methods are implemented in ArcGIS by using OD matrix. The 
OD cost matrix finds and measures the least-cost paths along the network from 
multiple origins to multiple destinations. The number of destinations to find and a 
maximum distance to search can be specified when configuring an OD cost matrix 
analysis. The OD matrix is designed to quickly solve large M x N problems and, as a 
result, does not internally contain the information required to generate route shapes 
and driving directions (ESRI 2012). 
The detailed procedure for implementing the E2SFCA method within the ArcGIS 
environment is as follows (Figure 3.2): 
(1) Generating an OD matrix of travel distance between facility address locations 
and population locations (residential MB centroids): this is achieved by 
setting a cut off distance equal to 4000m (i.e. d0 = 4000), and setting the 
residential MB centroids as the origins and the primary health care facility 
locations as the destinations, resulting in Fields 1, 3 and 4 (Total Length) in 
Table D in Figure 3.2; 
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(2) Calculating distance decay weightings: this is achieved by applying Eq. 3.5 
and Eq. 3.6 on Field 4 in Table D, respectively, resulting in Field 5 (Wkj_G) 
and Field 6 (Wkj_B) in Table D, where G indicates the Gaussian function 
based distance decaying weight is applied and B indicates the Butterworth 
filter based distance decaying weight is applied; 
(3) Transferring MB-based population data, Pk, from Table A to Table D: this is 
achieved through table Join on Field 1, resulting in Field 7 in Table D; 
(4) Calculating distance discounted population for each residential MB relative to 
each primary health care facility within the cut off travel distance: this is 
achieved by multiplying Field 7 with Field 5 and Field 6, respectively, resulting 
in Field 8 (PkWkj_G) and Field 9 (PkWkj_B) in Table D;  
(5) Calculating distance discounted population for each primary health care 
facility within the specified catchment: this is achieved by summarizing the 
distance discounted population for each residential MB within a travel 
distance of 4000 m from the facility, and deriving a summary table (Table E) 
from Table D – i.e. by summarizing Field 8 and Field 9, for Field 3, 
respectively - resulting in Field 10 ( j GkjkWP _ ) and Field 11 ( j BkjkWP _ ) 
in Table E; 
(6) Transferring facility-based attractiveness data (Sj) from Table C to Table E: 
this is achieved through table Join on Field 3, resulting in Field 12 (Sj) in 
Table E; 
(7) Calculating the per capita service provision (Rj) at each primary health care 
facility, taken into account of the distance discounted population at each 
residential MB that falls within the facility‟s catchment: this is achieved in 
Table E by dividing Field 12 by Field 10, and dividing Field 12 by Field 11, 
respectively, resulting in Field 13 (Rj_G) and Field 14 (Rj_B) in Table E; 
(8) Transferring the per capita service provision data for each primary health 
care facility from Table E to Table D: this is achieved through table Join on 
Field 3, resulting in Field 13 (Rj_G) and Field 14 (Rj_B) in Table D; 
(9) Calculating the distance discounted per capita service provision for each 
primary health care facility relative to each residential MB centroid within the 
cut off travel distance: this is achieved in Table D by multiplying Field 5 by 
Field 13, and multiplying Field 6 by Field 14, respectively, resulting in Field 15 
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(RjWkj_G) and Field 16 (RjWkj_B) in Table D;  
(10) Calculating MB based accessibility to the per capita service provision from all 
the primary health care facilities within the specified catchment, incorporated 
distance decaying effect for travelling between each residential MB and the 
primary health care facilities within the specified catchment: this is achieved 
by summarizing the discounted per capita service provision for each primary 
health care facility within a travel distance of 4000 m from the residential MB 
centroid, and deriving a summary table (Table F) from Table D – i.e. by 
summarizing Field 15 and Field 16, for Field 1, respectively - resulting in 
Field 17 (Ak_G) and Field 18 (Ak_B) in Table F; and 
(11) Transferring the MB based accessibility data from Table F to Table A: this is 
achieved through table Join on Field 1, resulting in Field 17 (Ak_G) and Field 



























Field Name Method of Derivation 
A 
1 MB_ID Unique ID assigned to each residential MB 
7 Pk Calculated from Eq. (3.1) 
17 AK_G Transferred from Table F through JOIN on Field 1 
18 Ak_B Transferred from Table F through JOIN on Field 1 
… … … 
B 2 Shape length Measured for each road link according to set coordinate system 
… … … 
C 3 Facility ID Unique ID assigned to each primary health care facility 
12 Sj Calculated from Eq. (3.2) 
… … … 
D 1 MB_ID Derived from Tables A 
3 Facility_ID Derived from Tables C 
4 Total Length Derived from Tables A, B and C 
5 Wkj_G Calculated from Field 4 and Eq. (3.5) 
6 Wkj_B Calculated from Field 4 and Eq. (3.6) 
7 Pk  Transferred from Table A through JOIN on Field 1 
8 PkWkj_G Calculated within Table D: Field 5 * Field 7 
9 PkWkj_B Calculated within Table D: Field 6 * Field 7 
13 Rj_G Transferred from Table E through JOIN on Field 3 
14 Rj_B Transferred from Table E through JOIN on Field 3 
15 RjWkj_G Calculated within Table D: Field 5 * Field 13 
16 RjWkj_B Calculated within Table D: Field 6 * Field 14 
E  3 Facility_ID Derived from Tables D through SUMMARY 
10  j GkjkWP _  Summarized from Table D on Field 8 for Field 3  
11  j BkjkWP _  Summarized from Table D on Field 9 for Field 3  
12 Sj Transferred from Table C through JOIN on Field 3 
13 Rj_G Calculated within Table E: Field 12 / Field 10, according to Eq. 
(3.3) 
14 Rj_B Calculated within Table E: Field 12 / Field 11, according to Eq. 
(3.3) 
F  1 MB_ID Derived from Tables D through SUMMARY 
17 Ak_G Summarized from Table D on Field 1 for Field 15, according to Eq. 
(3.4) 
18 Ak_B Summarized from Table D on Field 1 for Field 16, according to Eq. 
(3.4) 
(*Note: A – MB Centroid Attribute Table; B – Road Attribute Table, C – Facility Attribute Table, 
D – OD Matrix, E – Summary Table 1, F – Summary Table 2) 
Figure 3.2: An ArcGIS-based implementation of the E2SFCA method 
3.5.2 The M2SFCA Method 
The M2SFCA method implemented in this study is based on a modified 2SFCA 
method introduced by Delamater (2013). In this study, the method is implemented to 
construct a specific supply ratio for each population unit and health care facility pair 











D                                                                               (3.7) 
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Where Sj is the attractiveness of health care facility j; Pk is the population count at 
location k that lies within the service area catchment j (i.e., dkj ≤ d0); dkj is the shortest 
network distance between locations k and j; d0 is the threshold distance (also set to 
equal 4000 m); and Wkj is the distance-decay weighting based on either the 
Gaussian function or the Butterworth filter.  
Comparing Dkj with Rj calculated in Eq. 3.3, the relationship between Dkj and Rj is 
essentially as follows (Eq. 3.8):  
kjjkj WRD                                                                                                 (3.8) 
The second step in the M2SFCA is the same as the E2SFCA. For each population 
unit (residential MB centroid), the facilities falling within d0 are located, each pairwise 
supply ratio is multiplied by the corresponding pairwise distance decay weight and all 
relevant products are summed: 
 j kjkjk WDA                                                                                         (3.9) 
The detailed procedures for implementing the M2SFCA method within the ArcGIS 
environment are as follows (Figure 3.3): 
(1) – (8) are same as those described for the E2SFCA method (on Pages 52-
53); 
(9) Calculating the specific supply ratio (Dkj) constructed for each residential MB 
and facility pair for all pairs where the travel distance separating the 
residential MB and facility is less than d0: this is achieved in Table D by 
multiplying Field 5 by Field 13, and multiplying Field 6 by Field 14, 
respectively, resulting in Field 15 (Dkj_G) and Field 16 (Dkj_B) in Table D;  
(10) Calculating the distance discounted per capita service provision for each 
primary health care facility relative to each residential MB centroid within the 
cut off travel distance: this is achieved in Table D by multiplying Field 5 by 
Field 15, and Field 6 by Field 16, respectively, resulting in Field 17 (DkjWkj_G) 
and Field 18 (DkjWkj_B) in Table D;  
(11) Calculating MB based accessibility to the per capita service provision from all 
the primary health care facilities within the specified catchment, incorporated 
distance decaying effect for travelling between each residential MB and the 
primary health care facilities within the specified catchment: this is achieved 
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by summarizing the discounted per capita service provision for each primary 
health care facility within a travel distance of 4000 m from the residential MB 
centroid, and deriving a summary table (Table F) from Table D – i.e. by 
summarizing Field 17 and Field 18, for Field 1, respectively - resulting in 
Field 19 (Ak_G) and Field 20 (Ak_B) in Table F; and 
(12) Transferring the MB based accessibility data from Table F to Table A: this is 
achieved through table Join on Field 1, resulting in Field 19 (Ak_G) and Field 





Field Name Method of Derivation 
A 
1 MB_ID Unique ID assigned to each residential MB 
7 Pk Calculated from Eq. (3.1) 
19 AK_G Transferred from Table F through JOIN on Field 1 
20 Ak_B Transferred from Table F through JOIN on Field 1 
… … … 
B 2 Shape length Measured for each road link according to set coordinate system 
… … … 
C 3 Facility ID Unique ID assigned to each primary health care facility 
12 Sj Calculated from Eq. (3.2) 
… … … 
D 1 MB_ID Derived from Tables A 
3 Facility_ID Derived from Tables C 
4 Total Length Derived from Tables A, B and C 
5 Wkj_G Calculated from Field 4 and Eq. (3.5) 
6 Wkj_B Calculated from Field 4 and Eq. (3.6) 
7 Pk  Transferred from Table A through JOIN on Field 1 
8 PkWkj_G Calculated within Table D: Field 5 * Field 7 
9 PkWkj_B Calculated within Table D: Field 6 * Field 7 
13 Rj_G Transferred from Table E through JOIN on Field 3 
14 Rj_B Transferred from Table E through JOIN on Field 3 
15 Dkj_G Calculated within Table D: Field 5 * Field 13, according to Eq. 
(3.8) 
16 Dkj_B Calculated within Table D: Field 6 * Field 14, according to Eq. 
(3.8) 
17 DkjWkj_G Calculated within Table D: Field 5 * Field 15 
18 DkjWkj_B Calculated within Table D: Field 6 * Field 16 
E  3 Facility_ID Derived from Tables D through SUMMARY 
10  j GkjkWP _  Summarized from Table D on Field 8 for Field 3 
11  j BkjkWP _  Summarized from Table D on Field 9 for Field 3 
12 Sj Transferred from Table C through JOIN on Field 3 
13 Rj_G Calculated within Table E: Field 12 / Field 10, according to Eq. 
(3.3) 
14 Rj_B Calculated within Table E: Field 12 / Field 11, according to Eq. 
(3.3) 
F  1 MB_ID Derived from Tables D through SUMMARY 
19 Ak_G Summarized from Table D on Field 17 for Field 1, according to Eq. 
(3.9) 
20 Ak_B Summarized from Table D on Field 18 for Field 1, according to Eq. 
(3.9) 
(*Note: A – MB Centroid Attribute Table; B – Road Attribute Table, C – Facility Attribute Table, 
D – OD Matrix, E – Summary Table 1, F – Summary Table 2) 
Figure 3.3: An ArcGIS-based implementation of the M2SFCA method 
 59 
For a residential MB, whether derived with the E2SFCA or with the M2SFCA method, 
a smaller Ak value indicates a relatively poorer accessibility to health care facilities, 
whereas a larger Ak value indicates a relatively better accessibility to health care 
facilities. 
Based on reasons presented in Section 6.1.1, the M2SFCA_B method is chosen for 
deriving results presented in Chapter 5. Results derived from other three FCA 
methods (E2SFCA_G, E2SFCA_B and M2SFCA_G) are presented in Appendix A for 
the convenience of cross reference and comparison. 
3.6 Mapping Spatial Variations in Accessibility and 
Identifying Spatial Clusters of Disadvantaged Residential 
Locations 
Standard deviation based thematic maps are used in this study to show spatial 
variations in spatial accessibility to primary health care facilities. The MB based Ak 
values are mapped into five zones as follows: High (> µ + 1.5σ), Average+ (µ + 0.5σ 
~ µ + 1.5σ), Average (µ - 0.5σ ~ µ + 0.5σ), Average- (µ - 1.5σ ~ µ - 0.5σ) and Low (< 
µ - 1.5σ). Where µ and σ are the mean and the standard deviation of the Ak values, 
respectively. 
For each specific population group, the level of locational disadvantage at each 
residential MB is determined based on the ranked relationships between the 
estimated level of provision and level of potential demand. The MB based potential 
demand is classified into five levels according to the method described in Section 3.3 
(Table 3.2). The MB based level of service provision is based on quintiles of the 
accessibility values measured by the M2SFCA_B method. The rules for assigning 
each residential MB the level of locational disadvantage are summarised in Table 3.4 
(personal discussion with Dr Gang-Jun Liu).  
Any residential MB that satisfies the following conditions is assigned the highest 
level of locational disadvantage (poorest accessibility, indicated by level 5 in Table 
3.4): high level of demand (as indicated by level 5) and low level of provision (as 
indicated by 1st quintile of spatial accessibility); average+ level of demand and low 
level of provision; and high level of demand and average- level of provision.  
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In total, 12 ranked values, ranging from 1 to 5, are derived for each residential MB, 
to indicate the MB‟s levels of locational disadvantage for the 12 different 
combinations of facility type and population group (indicated as a11 – a34 in Table 
3.5). 
To assist the determination of the levels of aggregated locational disadvantage, each 
of the 12 ranked values indicating the specific locational disadvantage for each 
residential MB is recoded into one (for 5) or zero (for 1-4) (Table 3.6). 
Table 3.4: Five levels of locational disadvantage defined by the quantitative relationship between 
need (potential demand) and provision (supply) (personal discussion with Dr Gang-Jun Liu) 










































4 3 2 2 1 
Average (level 
3) 





5 4 4 3 2 
High (level 5) 5 5 4 4 3 
 
Table 3.5: Combination of locational disadvantage for the selected facilities types and population 
groups (non-binary coding scheme, personal discussion with Dr Gang-Jun Liu) 
























1.GP clinic a11[1,5] a12[1,5] a13[1,5] a14[1,5] a1. [4,20] 
2.Pharmacy a21[1,5] a22[1,5] a23[1,5] a24[1,5] a2. [4,20] 
3.Dental clinic a31[1,5] a32[1,5] a33[1,5] a34[1,5] a3. [4,20] 
Column Sum 






Table 3.6: Combination of locational disadvantage for the selected facilities types and population 
groups (binary coding scheme, personal discussion with Dr Gang-Jun Liu) 
























1.GP clinic a11[0,1] a12[0,1] a13[0,1] a14[0,1] a1. [0,4] 
2.Pharmacy a21[0,1] a22[0,1] a23[0,1] a24[0,1] a2. [0,4] 
3.Dental clinic a31[0,1] a32[0,1] a33[0,1] a34[0,1] a3. [0,4] 
Column Sum 
a.1 [0,3] a.2 [0,3] a.3 [0,3] a.4 [0,3] a.. [0,12] 
This binary recoding is applied to ensure the unambiguous identification of the most 
disadvantaged residential locations, in both levels of the generated outputs (see 
Section 6.1.2 for further discussions and illustrations). Table 3.6 shows that for each 
residential MB, eight different values indicating different combined locational 
disadvantage can be derived, at two different levels of generalization. 
Seven values can be derived at the lower level of generalization, including three 
facility based sums (i.e. the row sums a1. - a3.) with values ranging from 0 
(indicating the least disadvantaged residential locations, and implying that its level of 
locational disadvantage is at level 5 for none of the four population groups) to 4 
(indicating the most disadvantaged residential locations, and implying that its level of 
locational disadvantage is at level 5 for all of the four population groups), and four 
population group based sums (i.e. the column sums a.1 – a.4) with values ranging 
from 0 (indicating the least disadvantaged residential locations, and implying that its 
level of locational disadvantage is at level 5 for none of the three facility types) to 3 
(indicating the most disadvantaged residential locations, and implying that its level of 
locational disadvantage is at level 5 for all of the three facility types). 
One value can be derived at the higher level of generalization, the combined sum 
(i.e. the table sum a..) with values ranging from 0 (indicating the least disadvantaged 
residential locations, and implying that its level of locational disadvantage is at level 
5 for none of the 12 different specific combinations of facility type and population 
group) to 12 (indicating the most disadvantaged residential locations, and implying 
that its level of locational disadvantage is at level 5 for all of the 12 different specific 
combinations of facility type and population group). 
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To identify and locate spatial clusters of high level of locational disadvantage, Getis-
Ord Gi* based hotspot analysis is implemented in this study. The spatial clustering 
maps generated by the hotspot analysis provide more generalised spatial patterns, 
compared with the MB-based choropleth mapping. The choropleth maps provide 
spatial variation at the finer MB level spatial resolution while the spatial cluster maps 
provide the generalised spatial patterns and help policy makers / planners to identify 
more clearly the spatial location and extent of residential areas that should be 
targeted for future improvements. 
3.7 Summary 
This chapter described a methodology developed for this study for measuring and 
mapping spatial accessibility to primary health care facilities, and for identifying 
clusters of residential locations with high level of location disadvantage for accessing 
primary health care facilities. It uses GIS-based spatial analytical procedures, recent 
and fine spatial resolution data on population, health care facilities and transport 
network to measure and map the spatial variations in potential accessibility to 
primary health care facilities in the MMA. 
The key tasks that made up this methodology, as summarized in Figure 3.4, include: 
 Selecting a suitable case study area, collecting needed datasets and 
organizing the datasets into an ArcGIS file geodatabase; 
 Disaggregating 2011 Census data from the SA1 units into the corresponding 
residential MB units, through a land-use constrained address point ratio 
method; 
 Calculating a set of access measures for each MB in the study area by 
means of FCA methods, to reveal the spatial variations in access from MB-
based residential locations to health care facilities; 
 Characterising and comparing potential demand and service provision, 
detecting spatial variation in locational disadvantage; and 
 Detecting spatial clusters of residential locations with high level of locational 
disadvantage, to establish a foundation for better understanding of the 
revealed spatial patterns of accessibility to primary health care facility in the 























Figure 3.4: Flow chart of the methodology developed for this study  
*note: the potential demand classes for the total population group are based directly on the quintiles of the MB based 
total population density. (T – total population, C – children aged 0-4, F – females aged 15-44, S - seniors aged 65
+
) 
ABS Census Data (SA1 Population, 
SA1 and MB Boundaries) 
MB Population (T, C, F, S) 
and MB Area (A) 
Address Point 
from DSE  
Spatial Disaggregating (Address Point Ratio) 
Primary Health Care 
Facility Data from DHS 
Geocoded Primary Health 
Care Facilities 
Geocoding 
Road Network Data 
from DSE and PTV 
Potential Demand Classes (T, C, F, S) 
Combine (Table 3.2)*  
Accessibility GP Clinic Pharmacy Dental Clinic 
T C F S T C F S T C F S 
E2SFCA_G 1 2 3 4 17 18 19 20 33 34 35 36 
E2SFCA_B 5 6 7 8 21 22 23 24 37 38 39 40 
M2SFCA_G 9 10 11 12 25 26 27 28 41 42 43 44 
M2SFCA_B 13 14 15 16 29 30 31 32 45 46 47 48 
 
Service Provision Classes 
Combine (Table 3.4) 
Locational Disadvantage T C F S 
GP Clinic [1,5] [1,5] [1,5] [1,5] 
Pharmacy [1,5] [1,5] [1,5] [1,5] 
Dental Clinic [1,5] [1,5] [1,5] [1,5] 
 
Locational Disadvantage T C F S Row Sum 
GP Clinic [0,1] [0,1] [0,1] [0,1] [0,4] 
Pharmacy [0,1] [0,1] [0,1] [0,1] [0,4] 
Dental Clinic [0,1] [0,1] [0,1] [0,1] [0,4] 
Column Sum [0,3] [0,3] [0,3] [0,3] [0,12] 
 
Spatial clusters of residential locations with high, average or low combined locational disadvantage in access 
to the three types of primary health care facilities for the four MB based population groups in the MMA 
Hotspot Analysis (Getis-Ord Gi*) 
Classification (Quintiles) 
Measuring (FCA) and Mapping (Standard Deviation) 
 
Population Density  





(C/T, F/T, S/T) 
Extract and Combine (Table 3.6) 
Calculating 
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Chapter 4 Study Area and Data Sets 
This chapter describes the study area and the data sets used in the study, including 
data sets on population, primary health care facilities and transportation network, as 
well as the way that these data sets are collected and organized into an ArcGIS file 
geodatabase. 
4.1 Location and Land Use 
This study selects the Melbourne metropolitan area (MMA), one of the most liveable 
cities in the world, as the case study area, to uncover its current spatial variations in 
accessibility to primary health care facilities. As the capital city of the State of Victoria 
and the second most populous city in Australia after Sydney, the MMA now has a 
population over 4 million. The MMA is large by conventional standards, with an area 
of over 8800 km2, and a gross population density above 400 persons/km2. There are 
31 local government areas (LGAs) in the MMA. Land use structure in the MMA is 
dominated by agricultural lands (48.32%), parkland (26.38%) and residential areas 
(19.35%). Other types of land use include industrial, commercial, education, and 
other (Map 4.1). 
Table 4.1 and Figure 4.1 provide a statistical summary of land use in the MMA 
according to the ABS 2011 census; and Map 4.1 shows the spatial pattern of land 
use across the MMA. 
Table 4.1: A summary of the land use structure in the MMA, according to the ABS 2011 Census 
Land Use Type Number of MBs Area (km
2
)  Area % 
Agricultural 1032 4265.34 48.32 
Commercial 3539 131.37 1.49 
Education 1263 57.46 0.65 
Medical 94 4.59 0.05 
Industrial 1604 236.42 2.68 
Other 16 11.82 0.13 
Parkland 4882 2328.62 26.38 
Residential 40069 1707.76 19.35 
Transport 445 22.55 0.26 
Water 122 61.97 0.70 




Figure 4.1: Land-use structure of the MMA in 2011 Census 
 
Map 4.1: The location of the study area, the land use pattern and the 31 LGAs that consists of the 
MMA 
LGA name: 1. Banyule, 2. Bayside, 3. Boroondara, 4. Brimbank, 5. Cardinia, 6. Casey, 7. Darebin, 8. Frankston, 9. 
Glen Eira, 10. Greater Dandenong, 11. Hobsons Bay, 12. Hume, 13. Kingston, 14. Knox, 15. Manningham, 16. 
Maribyrnong, 17. Maroondah, 18. Melbourne, 19. Melton, 20. Monash, 21. Moonee Valley, 22. Moreland, 23. 
Mornington Peninsula, 24. Nillumbik, 25. Port Phillip, 26. Stonnington, 27. Whitehorse, 28. Whittlesea, 29. Wyndham, 
30. Yarra, 31. Yarra Ranges 
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4.2 Population Distribution 
4.2.1 Population Distribution in the MMA 
According to the ABS, the MMA has an estimated resident population of over 3.8 
million in 2011. Table 4.2 and Table 4.3 show some LGA-based summary statistics of 
population count, total area, residential area, population density and population 
concentrations in the MMA in 2011. The total population in the MMA is summarized 
at the LGA level in terms of gross population density and residential population 
density. The gross population density is calculated by dividing each LGA‟s population 
by the LGA‟s total area and reported as persons/km2; and the residential population 
density is calculated by dividing each LGA‟s population by the LGA‟s residential area 
and also reported as persons/km2. The population of three subgroups (children aged 
0-4, females aged 15-44 and seniors aged 65+) in the MMA are summarized at the 
LGA level in terms of gross population density, residential population density and 
population concentration. The population concentration is calculated by dividing 
subgroup population*100 by the total population and reported as a percentage. 
In the MMA, a LGA has an average 1293 residential MBs; and an average 
population size of 123626 persons, including 8112 children aged 0-4, 27354 females 
aged 15-44 and 16398 seniors aged 65+. The LGA of Casey (250589), Brimbank 
(181590) and Monash (168372) rank the top three in terms of total population (Table 
4.2). The total residential area in the MMA is 1707.76 km2. On average, every km2 of 
residential area in the MMA carries 2244 persons, including 147 children aged 0-4, 
497 females aged 15-44 and 298 seniors aged 65+ in the MMA. The LGA of 
Melbourne (11098 persons/km2), Yarra (7913 persons/km2) and Port Phillip (7861 
persons/km2) rank the top three in terms of residential population density; and the 
LGA of Cardinia (781 persons/km2), Mornington Peninsula (907 persons/km2) and 
Yarra Ranges (940 persons/km2) rank the bottom three in terms of total population 
density (Table 4.3). On average, among every 100 persons in the MMA, there are 7 
children aged 0-4, 22 females aged 15-44 and 13 seniors aged 65+. The LGA of 
Melton (9.41%), Wyndham (9.34%) and Cardinia (8.62%) rank the top three in terms 
of the population concentration of children aged 0-4; the LGA of Melbourne 
(32.79%), Yarra (29.66%) and Port Phillip (28.48%) rank the top three in terms of the 
population concentration of females aged 15-44; and the LGA of Mornington 
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Peninsula (21.67%), Manningham (19.38%) and Bayside (17.76%) rank the top 
three in terms of the population concentration of seniors aged 65+ (Table 4.3). 
Table 4.2: Summary statistics of LGA based area, residential MBs and population, including the 
three subgroups in the MMA according to the ABS 2011 census data 
LGA name 























Banyule 62.54 47.25 76 1287 118274 7706 24023 18763 
Bayside 37.21 27.49 74 988 91873 5557 16073 16316 
Boroondara 60.18 46.48 77 1737 158857 8134 33493 23777 
Brimbank 123.41 57.19 46 1680 181590 11831 40102 20746 
Cardinia 1281.15 81.26 6 606 63502 5471 14173 6431 
Casey 409.31 164.35 40 2221 250589 19868 56514 22167 
Darebin 53.47 35.79 67 1497 135407 8794 32551 19999 
Frankston 129.58 65.64 51 1388 126408 8679 26651 17271 
Glen Eira 38.69 32.74 85 1487 131044 8505 28427 19346 
Greater 
Dandenong 129.57 36.36 28 1333 135029 8886 28904 18898 
Hobsons Bay 64.25 24.34 38 921 83832 5786 17580 11702 
Hume 503.88 85.63 17 1366 164536 12388 37414 14768 
Kingston 91.36 42.37 46 1663 141863 9087 28854 22756 
Knox 113.80 62.03 55 1354 148896 8885 30933 18750 
Manningham 113.33 58.59 52 1102 109754 5378 20373 21267 
Maribyrnong 31.23 15.15 49 772 68799 5058 17277 7261 
Maroondah 61.40 45.73 74 1115 103592 6718 21510 15336 
Melbourne 37.36 4.97 13 517 55205 2332 18101 4378 
Melton 527.71 58.36 11 917 106069 9979 25617 6904 
Monash 81.49 55.68 68 1747 168372 8646 35660 29088 
Moonee 
Valley 43.14 29.31 68 1150 107114 6416 23266 16789 
Moreland 50.95 36.38 71 1542 146788 9542 35450 22004 
Mornington 
Peninsula 724.02 153.42 21 2214 139189 8268 23301 30157 
Nillumbik 432.25 34.38 8 448 51966 3200 10489 4689 
Port Phillip 20.70 10.84 52 1222 85191 4377 24262 8755 
Stonnington 25.65 19.90 78 1205 91838 4280 23392 13457 
Whitehorse 64.27 49.10 76 1587 151320 8804 31637 26272 
Whittlesea 489.66 67.70 14 1431 151839 11388 34660 16101 
Wyndham 542.25 109.38 20 1521 159174 14871 39313 10561 
Yarra 19.54 9.12 47 794 72196 3817 21416 7244 
Yarra Ranges 2464.59 140.80 6 1257 132286 8832 26551 16373 
The MMA 
average 284.77 55.09 19 1293 123626 8112 27354 16398 
The MMA 
total 8827.91 1707.76 19 40069 3832392 251482 847967 508325 
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Table 4.3: Summary statistics of LGA based gross population density, residential population density, 
and population concentration in the MMA according to the ABS 2011 census data 
LGA name 
Gross population density 
(Population / total area, persons/km
2
) 
Residential population density 






T C F S T C F S C F S 
Banyule 1891.29 123.23 384.15 300.04 2503.29 163.10 508.45 397.12 6.52 20.31 15.86 
Bayside 2469.11 149.35 431.97 438.50 3341.99 202.14 584.67 593.51 6.05 17.49 17.76 
Boroondara 2639.88 135.17 556.59 395.13 3417.98 175.01 720.64 511.59 5.12 21.08 14.97 
Brimbank 1471.39 95.86 324.94 168.10 3175.12 206.87 701.19 362.75 6.52 22.08 11.42 
Cardinia 49.57 4.27 11.06 5.02 781.46 67.33 174.41 79.14 8.62 22.32 10.13 
Casey 612.22 48.54 138.07 54.16 1524.69 120.89 343.86 134.87 7.93 22.55 8.85 
Darebin 2532.46 164.47 608.79 374.03 3783.20 245.70 909.46 558.76 6.49 24.04 14.77 
Frankston 975.55 66.98 205.68 133.29 1925.64 132.21 405.99 263.10 6.87 21.08 13.66 
Glen Eira 3387.14 219.83 734.76 500.04 4002.70 259.78 868.29 590.92 6.49 21.69 14.76 
Greater 
Dandenong 1042.11 68.58 223.07 145.85 3713.96 244.41 795.00 519.79 6.58 21.41 14.00 
Hobsons 
Bay 1304.83 90.06 273.62 182.14 3443.80 237.68 722.17 480.71 6.90 20.97 13.96 
Hume 326.53 24.58 74.25 29.31 1921.45 144.67 436.92 172.46 7.53 22.74 8.98 
Kingston 1552.85 99.47 315.84 249.09 3348.33 214.48 681.03 537.10 6.41 20.34 16.04 
Knox 1308.40 78.08 271.82 164.76 2400.27 143.23 498.65 302.26 5.97 20.77 12.59 
Manningham 968.46 47.45 179.77 187.66 1873.25 91.79 347.72 362.98 4.90 18.56 19.38 
Maribyrnong 2203.07 161.97 553.24 232.51 4540.46 333.81 1140.21 479.20 7.35 25.11 10.55 
Maroondah 1687.23 109.42 350.34 249.78 2265.20 146.90 470.35 335.34 6.49 20.76 14.80 
Melbourne 1477.81 62.43 484.56 117.20 11098.07 468.81 3638.91 880.13 4.22 32.79 7.93 
Melton 201.00 18.91 48.54 13.08 1817.59 170.99 438.98 118.31 9.41 24.15 6.51 
Monash 2066.28 106.10 437.62 356.97 3023.92 155.28 640.44 522.41 5.14 21.18 17.28 
Moonee 
Valley 2482.70 148.71 539.26 389.14 3654.23 218.88 793.73 572.76 5.99 21.72 15.67 
Moreland 2881.05 187.28 695.79 431.88 4034.82 262.29 974.43 604.83 6.50 24.15 14.99 
Mornington 
Peninsula 192.25 11.42 32.18 41.65 907.24 53.89 151.88 196.56 5.94 16.74 21.67 
Nillumbik 120.22 7.40 24.27 10.85 1511.34 93.07 305.05 136.37 6.16 20.18 9.02 
Port Phillip 4114.59 211.40 1171.82 422.85 7861.09 403.89 2238.80 807.88 5.14 28.48 10.28 
Stonnington 3580.82 166.88 912.07 524.70 4614.64 215.06 1175.39 676.18 4.66 25.47 14.65 
Whitehorse 2354.47 136.99 492.26 408.78 3081.59 179.29 644.28 535.02 5.82 20.91 17.36 
Whittlesea 310.09 23.26 70.78 32.88 2242.95 168.22 511.99 237.84 7.50 22.83 10.60 
Wyndham 293.55 27.42 72.50 19.48 1455.22 135.96 359.41 96.55 9.34 24.70 6.63 
Yarra 3694.64 195.34 1095.97 370.71 7913.06 418.36 2347.30 793.98 5.29 29.66 10.03 
Yarra 
Ranges 53.67 3.58 10.77 6.64 939.50 62.73 188.57 116.28 6.68 20.07 12.38 
The MMA 
average 434.12 28.49 96.06 57.58 2244.10 147.26 496.54 297.66 6.56 22.13 13.26 
Note: T – total population, C – children aged 0-4, F – females aged 15-44, S - seniors aged 65
+
 
For the 2011 census data, the total population in the MMA can be directly mapped at 
the SA1 level in terms of gross population density (Map 4.2). The Areas highlighted 
in red represents location with a high population density (> µ+1.5σ). 
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Map 4.2: Spatial variation in SA1 based gross population density in the MMA (for the total 
population in 2011) 
In order to utilise census data at a finer spatial resolution, the address point ratio 
method (as described in Section 3.3) is used to disaggregate population count from 
the 2011 SA1 units into their respective residential MB units. Map 4.3 presents the 
resultant MB based spatial variation in residential population density over the study 
area. Comparing with the SA1 based spatial variation in population density (Map 
4.2), the MB based spatial variation in population density (Map 4.3) focuses only on 
the residential areas and shows a clear improvement in the detail of spatial variation. 
Map 4.4 shows the spatial clusters of MB based total population density in the MMA. 
Comparing with Map 4.3, Map 4.4 enhances visualization and is easier to detect 
regional trends by spatial smoothing. 
Spatial variations in population density for the three subgroups of population at the 
MB level across the MMA are shown in Map 4.5 (children aged 0-4), Map 4.9 
(females aged 15-44) and Map 4.13 (seniors aged 65+). The corresponding spatial 
clusters of population density are shown in Map 4.6 (children aged 0-4), Map 4.10 
(females aged 15-44) and Map 4.14 (seniors aged 65+). Standard deviation based 
classification limits for mapping population density are summarized in Table 4.4. In 
general, densities for the total population and the females aged 15-44 show similar 
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spatial variations - both are highly concentrated in the inner suburbs close to the 
CBD of the MMA. For children aged 0-4, clusters of high density occur in both the 
inner suburbs and peripheral suburbs to the west, north and southeast of the CBD. 
For seniors aged 65+, clusters of high density appear in both the inner suburbs and 
the zone of middle suburbs. 
MB based spatial variations in population concentration are shown in Map 4.7 
(children aged 0-4), Map 4.11 (women aged 15-44) and Map 4.15 (seniors aged 
65+). Spatial clusters of population concentration are shown in Map 4.8 (children 
aged 0-4), Map 4.12 (females aged 15-44) and Map 4.16 (seniors aged 65+). 
Standard deviation based classification limits for mapping population concentration 
are summarized in Table 4.5. In general, clusters of high concentration of children 
aged 0-4 occur mainly in the west, north and southeast peripheral suburbs; clusters 
of high concentration of females aged 15-44 appear in both the inner suburbs and 
the west, north and southeast peripheral suburbs; and clusters of high concentration 
of seniors aged 65+ appear mainly in the zone of middle suburbs and some 
peripheral suburbs, especially in the Mornington Peninsula. 
 




Map 4.4: Spatial clusters of MB based population density in the MMA (for the total population in 
2011) 
 




Map 4.6: Spatial clusters of MB based population density in the MMA (for children aged 0-4 in 
2011) 
 




Map 4.8: Spatial clusters of MB based population concentration in the MMA (for children aged 0-4 
in 2011) 
 




Map 4.10: Spatial clusters of MB based population density in the MMA (for females aged 15-44 in 
2011) 
 
Map 4.11: Spatial variation in MB based population concentration in the MMA (for females aged 
15-44 in 2011) 
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Map 4.12: Spatial clusters of MB based population concentration in the MMA (for females aged 15-
44 in 2011) 
 




Map 4.14: Spatial clusters of MB based population density in the MMA (for seniors aged 65+ in 
2011) 
 




Map 4.16: Spatial clusters of MB based population concentration in the MMA (for seniors aged 65+ 
in 2011) 
Table 4.4: Classification limits for mapping population density value for different population groups 







- 1.5 Std. 
Dev.) 


















Log-transformed value < 8.37 8.37-10.68 10.68-12.99 12.99-15.30 > 15.30 
MB total 
population 








Log-transformed value <11.48 11.48-12.24 12.24-13.00 13.00-13.76 > 13.76 
MB children 
aged 0-4 
Original value <42.30 42.30-109.38 109.38-282.83 282.83-724.03 > 724.03 
Log-transformed value < 8.35 8.35-9.30 9.30-10.25 10.25-11.19 > 11.19 
MB females 
aged 15-44 















Log-transformed value < 8.93 8.93-9.94 9.94-10.95 10.95-11.96 > 11.96 
Table 4.5: Classification limits for mapping population concentration value for different population 
groups 
Population concentration 


















MB children aged 0-4 < 2.54 2.54-5.13 5.13-7.72 7.72-10.31 >10.31 
MB females aged 15-44 <14.18 14.18-19.43 19.43-24.68 24.68-29.92 >29.92 
MB seniors aged 65
+
 < 3.96 3.96-7.98 7.98-16.24 16.24-32.7 > 32.7 
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4.3 Transportation Network 
The transportation infrastructures, including road network, are well developed in the 
study area (Map 4.17). The road network data and public transportation data for the 
study area are collected from the Victorian Department of Transport, Public 
Transport of Victoria and the Department of Sustainability and Environment. 
 
Map 4.17: The transportation network in the MMA 
The MMA has a total road length close to 38700 km. On average, the MMA has 
about 4.4 km road per km2 and about 10.1 m road per person. Table 4.6 provides 
some LGA-based summary statistics, such as road length, road length per unit area 
or per person, as well as the total population and area. Map 4.18 shows the LGA-
based road density and Map 4.19 shows the LGA-based road length per capita in 
the MMA. As can be expected, the peripheral suburb LGAs, like Cardinia, 
Mornington Peninsula and Yarra Ranges, have a lower density and longer length of 
local road per person, compared to the inner suburban LGAs close to the CBD, such 
as Port Phillip, Stonnington and Yarra (which have much higher local road densities). 
For road density (as shown in Table 4.6, Map 4.18), the top three LGAs include Port 
Philip (17.98 km/km2), Yarra (17.93 km/km2) and Stonnington (16.00 km/km2), and 
the bottom three LGAs are Yarra Ranges (2.21 km/km2), Cardinia (2.65 km/km2) and 
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Melton (2.72 km/km2). For road length per capita (Table 4.6, Map 4.19), the top three 
LGAs include Cardinia (53.51 m/person), Yarra Ranges (41.24 m/person) and 
Nillumbk (27.34 m/person), and the bottom three are Glen Eira (3.89 m/person), Port 
Philip (4.37 m/person) and Stonnington (4.47 m/person). 




















Banyule 699.36 62.54 118274 11.18 5.91 
Bayside 463.98 37.21 91873 12.47 5.05 
Boroondara 795.04 60.18 158857 13.21 5.00 
Brimbank 1251.19 123.41 181590 10.14 6.89 
Cardinia 3398.31 1281.15 63502 2.65 53.51 
Casey 2331.53 409.31 250589 5.70 9.30 
Darebin 674.60 53.47 135407 12.62 4.98 
Frankston 1017.50 129.58 126408 7.85 8.05 
Glen Eira 510.20 38.69 131044 13.19 3.89 
Greater Dandenong 1011.18 129.57 135029 7.80 7.49 
Hobsons Bay 619.94 64.25 83832 9.65 7.40 
Hume 1993.74 503.88 164536 3.96 12.12 
Kingston 909.44 91.36 141863 9.95 6.41 
Knox 1058.84 113.80 148896 9.30 7.11 
Manningham 860.99 113.33 109754 7.60 7.84 
Maribyrnong 426.56 31.23 68799 13.66 6.20 
Maroondah 652.18 61.40 103592 10.62 6.30 
Melbourne 571.09 37.36 55205 15.29 10.34 
Melton 1433.12 527.71 106069 2.72 13.51 
Monash 1008.55 81.49 168372 12.38 5.99 
Moonee Valley 583.55 43.14 107114 13.53 5.45 
Moreland 688.12 50.95 146788 13.51 4.69 
Mornington Peninsula 3030.36 724.02 139189 4.19 21.77 
Nillumbik 1420.72 432.25 51966 3.29 27.34 
Port Phillip 372.28 20.70 85191 17.98 4.37 
Stonnington 410.23 25.65 91838 16.00 4.47 
Whitehorse 799.24 64.27 151320 12.44 5.28 
Whittlesea 1933.39 489.66 151839 3.95 12.73 
Wyndham 1991.42 542.25 159174 3.67 12.51 
Yarra 350.43 19.54 72196 17.93 4.85 
Yarra Ranges 5455.84 2464.59 132286 2.21 41.24 
The MMA average 1249.13 284.77 123626 4.39 10.10 
The MMA 38722.91 8827.91 3832392 4.39 10.10 
*a
 The ratio of road length (km) and LGA area (km
2





 The ratio of road length (m) and LGA population is regarded LGA based as per 
capita road length (m) per person. 
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Map 4.18: The LGA based road density in the MMA 
LGA ranking: 1. Yarra Ranges, 2. Cardinia, 3. Melton, 4. Nillumbik, 5. Wyndham, 6. Whittlesea, 7. Hume, 8. 
Mornington Peninsula, (The MMA mean) 9. Casey, 10. Manningham, 11. Greater Dandenong, 12. Frankston, 13. 
Knox, 14. Hobsons Bay, 15. Kingston, 16. Brimbank, 17. Maroondah, 18. Banyule, 19. Monash, 20. Whitehorse, 21. 
Bayside, 22. Darebin, 23. Glen Eira, 24. Boroondara, 25. Moreland, 26. Moonee Valley, 27. Maribyrnong, 28. 
Melbourne, 29. Stonnington, 30. Yarra, 31. Port Phillip 
 
Map 4.19: The LGA based road length (m) per person in the MMA  
LGA ranking: 1. Glen Eira, 2. Port Phillip, 3. Stonnington, 4. Moreland, 5. Yarra, 6. Darebin, 7. Boroondara, 8. 
Bayside, 9. Whitehorse, 10. Moonee Valley, 11. Banyule, 12. Monash, 13. Maribyrnong, 14. Maroondah, 15. 
Kingston, 16. Brimbank, 17. Knox, 18. Hobsons Bay, 19. Greater Dandenong, 20. Manningham, 21. Frankston, 22. 
Casey, (The MMA mean) 23. Melbourne, 24. Hume, 25. Wyndham, 26. Whittlesea, 27. Melton, 28. Mornington 
Peninsula, 29. Nillumbik, 30. Yarra Ranges, 31. Cardinia 
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4.4 Primary Health Care Facilities 
Three types of primary health care facilities are considered in this study: GP clinics, 
pharmacies and dental clinics. The health care facility data, including the addresses, 
payment method (e.g. bulkbilling or fees apply), number of GPs and opening hours 
of GP clinics are gathered from the online databases and directories from the 
Department of Human Services (DHS) website (http://www.humanservices.gov.au/). 
The locations of the health care facilities are geocoded using the address layer of 
the VicMap database and verified using the web map generated from the National 
Health Services Directory, the online Google map, the high-resolution aerial images 
from the ArcGIS basemap, as well as limited fieldworks wherever needed. Collecting 
and geocoding addresses of health care facilities are time-consuming. Special 
attention has been paid to the accuracy and adequacy of the data. The attribute 
table of health care facility are imported as a table into the geodatabase, and are 
then geocoded with the address locator made by the Vicmap address point data to 
generate the health care facility point data. 
In total, 1352 GP clinics (with 5905 GPs), 792 pharmacies and 905 dental clinics 
have been identified and located (through address match) in the MMA. According to 
the ABS 2011 census data, the MMA has a residential area of about 1708 km2 in size 
and a population over 3,832,000 persons. This implies that, on average,  
 the MMA has a GP clinic for every 1.26 km2 of residential area, a pharmacy 
for every 2.16 km2 of residential area and a dental clinic for every 1.89 km2 of 
residential area, 3.5 GPs for one km2 of residential area; 
 there are 80 GP clinics, 46 pharmacies or 53 dental clinics for every 100 km2 
of residential area; 
 each GP clinic services about 2835 persons or every 20000 persons are 
serviced by about 7 GP clinics; 
 each GP services about 650 persons or every 2000 persons are serviced by 
about 3 GPs;  
 each pharmacy services about 5000 persons; and that 
 each dental clinic services about 4235 persons or every 20000 persons are 
serviced by about 5 dental clinics. 
The spatial distribution of GP clinics, pharmacies and dental clinics and their general 
spatial relationship with the spatial variation in population density are shown in Map 
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4.20 (GP clinic), Map 4.21 (pharmacy) and Map 4.22 (dental clinic). As expected, 
most of the health care facilities are located within or close to the residential areas, 
where residential population are highly concentrated. In general, areas of high 
concentration of population in the inner suburbs and the zone of the middle suburbs 
are closely associated with clusters of health care facilities, but areas of high 
concentration of population in parts the of northwest and southeast peripheral 
suburbs are not. 
Within the MMA, the LGA based number of facility and facility count per 1000 
population for the three types of health care facility are summarized in Table 4.7. The 
LGA based facility density (ratio of facility count to residential area) for the three 
types of health care facility are summarized in Table 4.8. 
Map 4.23, Map 4.24, Map 4.25 and Map 4.26 show the LGA based GP clinic, GP, 
pharmacy and dental clinic count per 1000 persons in the MMA, respectively. Map 
4.27, Map 4.28, Map 4.29 and Map 4.30 show the LGA based GP clinic, GP, 
pharmacy and dental clinic residential density (/km2) in the MMA, respectively. 
 
Map 4.20: Spatial distribution of GP clinics and the 2011 MB level population density in the MMA  
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Map 4.21: Spatial distribution of pharmacies and the 2011 MB level population density in the MMA  
 




























Banyule 118274 38 0.32 202 1.71 28 0.24 33 0.28 
Bayside 91873 28 0.30 172 1.87 23 0.25 30 0.33 
Boroondara 158857 60 0.38 311 1.96 41 0.26 70 0.44 
Brimbank 181590 59 0.32 204 1.12 35 0.19 18 0.10 
Cardinia 63502 16 0.25 89 1.40 12 0.19 5 0.08 
Casey 250589 62 0.25 309 1.23 31 0.12 34 0.14 
Darebin 135407 52 0.38 185 1.37 34 0.25 22 0.16 
Frankston 126408 37 0.29 160 1.27 22 0.17 19 0.15 
Glen Eira 131044 48 0.37 178 1.36 34 0.26 30 0.23 
Greater 
Dandenong 135029 76 0.56 174 1.29 36 0.27 41 0.30 
Hobsons 
Bay 83832 25 0.30 79 0.94 16 0.19 13 0.16 
Hume 164536 51 0.31 267 1.62 24 0.15 15 0.09 
Kingston 141863 40 0.28 151 1.06 29 0.20 31 0.22 
Knox 148896 39 0.26 183 1.23 20 0.13 28 0.19 
Manningham 109754 33 0.30 158 1.44 15 0.14 32 0.29 
Maribyrnong 68799 40 0.58 116 1.69 23 0.33 22 0.32 
Maroondah 103592 29 0.28 150 1.45 22 0.21 21 0.20 
Melbourne 55205 73 1.32 326 5.91 30 0.54 81 1.47 
Melton 106069 15 0.14 89 0.84 7 0.07 5 0.05 
Monash 168372 61 0.36 215 1.28 37 0.22 46 0.27 
Moonee 
Valley 107114 51 0.48 151 1.41 33 0.31 38 0.35 
Moreland 146788 61 0.42 200 1.36 41 0.28 25 0.17 
Mornington 
Peninsula 139189 43 0.31 227 1.63 29 0.21 30 0.22 
Nillumbik 51966 12 0.23 121 2.33 8 0.15 10 0.19 
Port Phillip 85191 46 0.54 178 2.09 25 0.29 30 0.35 
Stonnington 91838 48 0.52 290 3.16 28 0.30 54 0.59 
Whitehorse 151320 42 0.28 306 2.02 31 0.20 43 0.28 
Whittlesea 151839 47 0.31 243 1.60 19 0.13 22 0.14 
Wyndham 159174 33 0.21 179 1.12 16 0.10 18 0.11 
Yarra 72196 48 0.66 155 2.15 20 0.28 24 0.33 
Yarra 
Ranges 132286 39 0.29 137 1.04 23 0.17 15 0.11 






































Banyule 47.25 38 0.80 202 4.28 28 0.59 33 0.70 
Bayside 27.49 28 1.02 172 6.26 23 0.84 30 1.09 
Boroondara 46.48 60 1.29 311 6.69 41 0.88 70 1.51 
Brimbank 57.19 59 1.03 204 3.57 35 0.61 18 0.31 
Cardinia 81.26 16 0.20 89 1.10 12 0.15 5 0.06 
Casey 164.35 62 0.38 309 1.88 31 0.19 34 0.21 
Darebin 35.79 52 1.45 185 5.17 34 0.95 22 0.61 
Frankston 65.64 37 0.56 160 2.44 22 0.34 19 0.29 
Glen Eira 32.74 48 1.47 178 5.44 34 1.04 30 0.92 
Greater 
Dandenong 36.36 76 2.09 174 4.79 36 0.99 41 1.13 
Hobsons 
Bay 24.34 25 1.03 79 3.25 16 0.66 13 0.53 
Hume 85.63 51 0.60 267 3.12 24 0.28 15 0.18 
Kingston 42.37 40 0.94 151 3.56 29 0.68 31 0.73 
Knox 62.03 39 0.63 183 2.95 20 0.32 28 0.45 
Manningham 58.59 33 0.56 158 2.70 15 0.26 32 0.55 
Maribyrnong 15.15 40 2.64 116 7.66 23 1.52 22 1.45 
Maroondah 45.73 29 0.63 150 3.28 22 0.48 21 0.46 
Melbourne 4.97 73 14.69 326 65.59 30 6.04 81 16.30 
Melton 58.36 15 0.26 89 1.53 7 0.12 5 0.09 
Monash 55.68 61 1.10 215 3.86 37 0.66 46 0.83 
Moonee 
Valley 29.31 51 1.74 151 5.15 33 1.13 38 1.30 
Moreland 36.38 61 1.68 200 5.50 41 1.13 25 0.69 
Mornington 
Peninsula 153.42 43 0.28 227 1.48 29 0.19 30 0.20 
Nillumbik 34.38 12 0.35 121 3.52 8 0.23 10 0.29 
Port Phillip 10.84 46 4.24 178 16.42 25 2.31 30 2.77 
Stonnington 19.9 48 2.41 290 14.57 28 1.41 54 2.71 
Whitehorse 49.1 42 0.86 306 6.23 31 0.63 43 0.88 
Whittlesea 67.7 47 0.69 243 3.59 19 0.28 22 0.32 
Wyndham 109.38 33 0.30 179 1.64 16 0.15 18 0.16 
Yarra 9.12 48 5.26 155 17.00 20 2.19 24 2.63 
Yarra 
Ranges 140.8 39 0.28 137 0.97 23 0.16 15 0.11 




Map 4.23: Spatial distribution of LGA based GP clinic to population ratio * 1000 in the MMA  
LGA ranking: 1. Melbourne, 2. Yarra, 3. Maribyrnong, 4. Greater Dandenong, 5. Port Phillip, 6. Stonnington, 7. 
Moonee Valley, 8. Moreland, 9. Darebin, 10. Boroondara, 11. Glen Eira, 12. Monash, (MMA mean) 13. Brimbank, 14. 
Banyule, 15. Hume, 16. Whittlesea, 17. Mornington Peninsula, 18. Bayside, 19. Manningham, 20. Hobsons Bay, 21. 
Yarra Ranges, 22. Frankston, 23. Kingston, 24. Maroondah, 25. Whitehorse, 26. Knox, 27. Cardinia, 28. Casey, 29. 
Nillumbik, 30, Wyndham, 31. Melton 
 
Map 4.24: LGA based GP to population ratio * 1000 in the MMA  
LGA ranking: 1. Melbourne, 2. Stonnington, 3. Nillumbik, 4. Yarra, 5. Port Phillip, 6. Whitehorse, 7. Boroondara, 8. 
Bayside, 9. Banyule, 10. Maribyrnong, 11. Mornington Peninsula, 12. Hume, 13. Whittlesea, (MMA mean) 14. 
Maroondah, 15. Manningham, 16. Moonee Valley, 17. Cardinia, 18. Darebin, 19. Moreland, 20. Glen Eira, 21. 
Greater Dandenong, 22. Monash, 23. Frankston, 24. Casey, 25. Knox, 26. Wyndham, 27. Brimbank, 28. Kingston, 
29. Yarra Ranges, 30. Hobsons Bay, 31. Melton 
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Map 4.25: LGA based pharmacy to population ratio * 1000 in the MMA  
LGA ranking: 1. Melbourne, 2. Maribyrnong, 3. Moonee Valley, 4. Stonnington, 5. Port Phillip, 6. Moreland, 7. Yarra, 
8. Greater Dandenong, 9. Glen Eira, 10. Boroondara, 11. Darebin, 12. Bayside, 13. Banyule, 14. Monash, 15. 
Maroondah, (MMA mean) 16. Mornington Peninsula, 17. Whitehorse, 18. Kingston, 19. Brimbank, 20. Hobsons Bay, 
21. Cardinia, 22. Frankston, 23. Yarra Ranges, 24. Nillumbik, 25. Hume, 26. Manningham, 27. Knox, 28. Whittlesea, 
29. Casey, 30. Wyndham, 31. Melton 
 
Map 4.26: LGA based dental clinic to population ratio * 1000 in the MMA  
LGA ranking: 1. Melbourne, 2. Stonnington, 3. Boroondara, 4. Moonee Valley, 5. Port Phillip, 6. Yarra, 7. Bayside, 8. 
Maribyrnong, 9. Greater Dandenong, 10. Manningham, 11. Whitehorse, 12. Banyule, 13. Monash, (MMA mean) 14. 
Glen Eira, 15. Kingston, 16. Mornington Peninsula, 17. Maroondah, 18. Nillumbik, 19. Knox, 20. Moreland, 21. 
Darebin, 22. Hobsons Bay, 23. Frankston, 24. Whittlesea, 25. Casey, 26. Yarra Ranges, 27. Wyndham, 28. 
Brimbank, 29. Hume, 30. Cardinia, 31. Melton 
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Map 4.27: LGA based GP clinic density (/km2) in the MMA  
LGA ranking: 1. Melbourne, 2. Yarra, 3. Port Phillip, 4. Maribyrnong, 5. Stonnington, 6. Greater Dandenong, 7. 
Moonee Valley, 8. Moreland, 9. Glen Eira, 10. Darebin, 11. Boroondara, (MMA mean) 12. Monash, 13. Brimbank, 14. 
Hobsons Bay, 15. Bayside, 16. Kingston, 17. Whitehorse, 18. Banyule, 19. Whittlesea, 20. Maroondah, 21. Knox, 22. 
Hume, 23. Frankston, 24. Manningham, 25. Casey, 26. Nillumbik, 27. Wyndham, 28. Mornington Peninsula, 29. 
Yarra Ranges, 30. Melton, 31. Cardinia 
 
Map 4.28: LGA based GP density (/km2) in the MMA  
LGA ranking: 1. Melbourne, 2. Yarra, 3. Port Phillip, 4. Stonnington, 5. Maribyrnong, 6. Boroondara, 7. Bayside, 8. 
Whitehorse, 9. Moreland, (MMA mean) 10. Glen Eira, 11. Darebin, 12. Moonee Valley, 13. Greater Dandenong, 14. 
Banyule, 15. Monash, 16. Whittlesea, 17. Brimbank, 18. Kingston, 19. Nillumbik, 20. Maroondah, 21. Hobsons Bay, 
22. Hume, 23. Knox, 24. Manningham, 25. Frankston, 26. Casey, 27. Wyndham, 28. Melton, 29. Mornington 
Peninsula, 30. Cardinia, 31. Yarra Ranges 
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Map 4.29: LGA based pharmacy density (/km2) in the MMA  
LGA ranking: 1. Melbourne, 2. Port Phillip, 3. Yarra, 4. Maribyrnong, 5. Stonnington, 6. Moreland, 7. Moonee Valley, 
8. Glen Eira, 9. Greater Dandenong, 10. Darebin, 11. Boroondara, 12. Bayside, (MMA mean) 13. Kingston, 14. 
Monash, 15. Hobsons Bay, 16. Whitehorse, 17. Brimbank, 18. Banyule, 19. Maroondah, 20. Frankston, 21. Knox, 22. 
Whittlesea, 23. Hume, 24. Manningham, 25. Nillumbik, 26. Mornington Peninsula, 27. Casey, 28. Yarra Ranges, 29. 
Cardinia, 30. Wyndham, 31. Melton 
 
Map 4.30: LGA based dental clinic density (/km2) in the MMA  
LGA ranking: 1. Melbourne, 2. Port Phillip, 3. Stonnington, 4. Yarra, 5. Boroondara, 6. Maribyrnong, 7. Moonee 
Valley, 8. Greater Dandenong, 9. Bayside, 10. Glen Eira, 11. Whitehorse, (MMA mean) 12. Monash, 13. Kingston, 
14. Banyule, 15. Moreland, 16. Darebin, 17. Manningham, 18. Hobsons Bay, 19. Maroondah, 20. Knox, 21. 
Whittlesea, 22. Brimbank, 23. Nillumbik, 24. Frankston, 25. Casey, 26. Mornington Peninsula, 27. Hume, 28. 
Wyndham, 29. Yarra Ranges, 30. Melton, 31. Cardinia 
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4.5 ArcGIS File Geodatabase 
All the relevant data sets collected have been imported to and managed by an 
ArcGIS file Geodatabase. The content and structure of the ArcGIS file geodatabase 
developed for this study are shown in Figure 4.2 and Table 4.9. 
 







Table 4.9: Summary of the key data set used in this study 
Data Description Data Type Source 
SA1_Pop 2011 population 
Census at SA1 level 
Table Australian Bureau of Statistics 
(ABS, http://www.abs.gov.au/) 
SA1 2011 SA1 boundary Polygon 
SA1_centroid 2011 SA1 centroid Point 
MB 2011 MB boundary Polygon 
MB_centroid 2011 MB centroid Point 
MB_Resi 2011 residential MB 
boundary 
Polygon 
MB_Resi_centroid 2011 residential MB 
centroid 
Point 
GP_clinic Geocoded GP clinic Point Department of Human Services 
(DHS, 
http://www.humanservices.gov.au/





Dental_clinic Geocoded dental 
clinic 
Point 
Pharmacy Geocoded pharmacy Point 
Address Current address 
points 
Point Department of Sustainability and 
Environment (DSE) Vicmap 
(http://www.dse.vic.gov.au/) and 
PTV (http://www.ptv.vic.gov.au/) 
The MMA Current boundary of 
the MMA 
Polygon 
LGA Current boundary of 
LGAs 
Polygon 
Locality Current boundary of 
localities 
Polygon 
Road_network Current Road 
network 
Line 
Bus_stop Current Metro bus 
stop 




Bus_route Current Metro bus 
route 
Line 
Train_staion Current Metro train 
station 
Point 
Railway Current Metro 
railway 
Line 
Tram_stop Current Metro tram 
stop 
Point 






Chapter 5 Spatial Variations in Accessibility to 
Primary Health Care Facilities 
This chapter presents, for the MMA, the estimated potential population demand for 
primary health care facilities; the spatial variation in attractiveness of GP clinics; the 
results of measured spatial accessibility to primary health care facilities from each 
residential MB and their spatial variations in terms of travel distance to the nearest 
primary health care facility, number of primary health care facilities within a certain 
threshold distance, and accessibility scores measured by the M2SFCA_B method; 
and spatial variation and clusters of locational disadvantage in accessibility to 
primary health care facilities.  
5.1 Potential Demand for Primary Health Care Facilities 
Maps 5.1-5.4 show the spatial variation of MB based potential demand for primary 
health care facilities across the MMA. Spatial variation in potential demand for the 
MB based total population are based directly on the quintiles of the MB based total 
population density (Map 5.1). Spatial variations in potential demand for the three MB 
based population subgroups are estimated using the method described in Section 
3.3 (Table 3.2), with results shown in Map 5.3 (children aged 0-4), Map 5.5 (females 
aged 15-44) and Map 5.7 (seniors aged 65+). Spatial clusters in population demand 
for the four population groups are shown in Map 5.2 (total population), Map 5.4 
(children aged 0-4), Map 5.6 (females aged 15-44) and Map 5.8 (seniors aged 65+). 
These maps show similar clusters of high demand of the three subgroups of 
population with the clusters of population concentration. 
Summary statistics and percentage of residential area and population for the five 
levels of potential demand to primary health care facilities in the MMA are shown in 
Table 5.1 and Figure 5.1.  
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Map 5.1: Spatial distribution of MB based potential demand across the MMA (for the total 
population in 2011) 
 




Map 5.3: Spatial distribution of MB based potential demand across the MMA (for children aged 0-4 
in 2011) 
 




Map 5.5: Spatial distribution of MB based potential demand across the MMA (for female aged 15-44 
in 2011)  
 





Map 5.7: Spatial distribution of MB based potential demand across the MMA (for seniors aged 65+ 
in 2011) 
 




Table 5.1: Summary statistics and percentage of residential area and population for the five levels 

































 837.08 290.64 253.16 213.18 113.70 
% 49.02 17.02 14.82 12.48 6.66 
Population 
person 677561 748888 801309 825693 778940 

















 548.16 418.62 237.43 288.49 215.06 
% 32.10 24.51 13.90 16.89 12.59 
Children 
aged 0-4 
person 24045 44337 32138 69070 81893 






















 639.74 439.22 228.22 255.45 145.12 
% 37.46 25.72 13.36 14.96 8.50 
Females 
aged 15-44 
person 117427 185507 109841 206919 228274 


















 561.59 424.66 224.44 293.52 203.55 





person 42521 80628 59620 146564 178991 
% 8.36 15.86 11.73 28.83 35.21 
 
 
Figure 5.1: Percentage of residential area and population for the five levels of potential demand to 
primary health care facilities in the MMA 
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5.2 Spatial Variation in Attractiveness of Primary Health Care 
Facilities 
Map 5.9 shows the spatial variation of GP clinic‟s facility attractiveness across the 
MMA, with value of 0.4 indicating low attractiveness and value of 1 indicating high 
attractiveness. This value range results from the weighting scheme specified in 
Section 3.4 (Table 3.3). The number of GP clinics under different conditions of facility 
attractiveness is summarized in Table 5.2. 
 
Map 5.9: Spatial variation in facility attractiveness of GP clinics across the MMA 
Table 5.2: Number of GP clinics under different conditions of facility attractiveness 
Number of GP Clinics under different 
conditions 
Scores for 3 Ranked Conditions of Selected 
GP Clinic Attributes 
High 
(sh = 1.0) 
Middle 
(sm = 0.6) 
Low 




























 Fees (x1, w1 = 0.3) 354 598 400 
Opening hours (x2, w2 = 0.25) 521 191 640 
Number of GPs (x3, w3 = 0.2) 345 334 673 
Closeness to a commercial MB (x4, 
w4 = 0.15) 
461 456 435 
Closeness to a public transportation 
stop (x5, w5 = 0.1) 
468 644 240 
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5.3 Travel Distance to the Nearest Primary Health Care 
Facility 
Map 5.10, Map 5.11 and Map 5.12 show the spatial variations in the shortest travel 
distances along the road network from centroids of residential MBs to address 
locations of GP clinics, pharmacies and dental clinics in the MMA, respectively. Most 
of the residential MBs in the inner and middle suburbs have a travel distance to the 
nearest primary health care facility of less than 1200 m and most of the residential 
MBs in peripheral suburbs have a travel distance to the nearest primary health care 
facility greater than 1200 m. 
Summary statistics of travel distance from residential MB centroids via road network 
to the nearest health care facility in the study area are shown in Table 5.3. Figure 5.2 
shows frequency distribution of travel distance from residential MB centroids to the 
nearest GP clinic, pharmacy and dental clinic, as well as the respective mean travel 
distances. On average, the travel distance from a residential MB to its nearest GP 
clinic, pharmacy or dental clinic is about 1100 m, 1300 m or 1700 m, respectively. 
Table 5.4 shows summary statistics and percentages of residential area and size of 
population within specified travel zones (defined with an equal interval of 400 m of 
travel distance) to the GP clinic, pharmacy and dental clinic in the study area. These 
percentages are also shown in Figure 5.3. We can see that: 
 about 30% of the residential area and over 40% of the population have 
access to at least one GP clinic within a travel distance of 800 m; 
 over 50% of the residential area and about 33% of the population have 
access to at least one GP clinic with a travel distance beyond 1200 m; 
 about 20% of the residential area and about 33% of the population have 
access to at least one pharmacy within a travel distance of 800 m; 
 over 60% of the residential area and about 42% of the population have 
access to at least one pharmacy with a travel distance beyond 1200 m; 
 about 20% of the residential area and about 30% of the population have 
access to at least one dental clinic within a travel distance of 800 m; and 
 over 65% of the residential area and about 50% of the population have 
access to at least one dental clinic with a travel distance beyond 1200 m 
(Table 5.4, Figure 5.3). 
Similarly, Table 5.6 shows summary statistics and percentages on the residential 
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area and the size of the population within specified travel zones (defined with an 
equal interval of 800 m of travel distance) to the GP clinic, pharmacy and dental 
clinic in the MMA. 
Table 5.5 shows the size and percentage of residential MBs, residential areas and 
population within and beyond the 4000 m travel distance to the nearest primary 
health care facility in the MMA. Figure 5.4 shows the cumulative frequency 
distribution of population (person, vertical axis) versus travel distance (m, horizontal 
axis) to the nearest GP clinic, pharmacy and dental clinic in the MMA, respectively. 
We can see that, only about 1.5%, 2.5% or 8% of the population are living in areas 
that need to travel more than 4 km to access a GP clinic, a pharmacy or a dental 
clinic. 
 
Map 5.10: Spatial variation of MB based travel distance to the nearest GP clinic in the MMA  
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Map 5.11: Spatial variation of MB based travel distance to the nearest pharmacy in the MMA  
 
Map 5.12: Spatial variation of MB based travel distance to the nearest dental clinic in the MMA  
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Table 5.3: Summary statistics of travel distance from residential MBs via road network to the 
nearest health care facility in the MMA 
Travel distance (m) Min Max Mean Standard Deviation 
GP clinic 0.17 18558.77 1071.77 962.78 
Pharmacy 2.63 18612.66 1284.81 1136.51 
Dental clinic 0.32 27783.66 1658.18 1791.41 
(a) (b)
(c) (d) 
Figure 5.2: Frequency distribution of travel distance (m) via road network to the nearest GP clinic 
(a), pharmacy (b), dental clinic (c), and the respective mean travel distances (d) in the MMA 
 
Figure 5.3: Percentages of residential area and population and classification limits for the five zones 
of travel distance to the nearest GP clinic (top), pharmacy (middle), and dental clinic (bottom) 
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Table 5.4: Summary statistics and percentage of residential area and population for the five zones 





Travel distance (m) to the nearest GP clinic 
≤ 400 m 

















 145.91 342.66 326.93 235.84 656.42 
% 8.54 20.06 19.14 13.81 38.44 
Total 
population 
person 559737 1106823 908593 546510 710728 
% 14.61 28.88 23.71 14.26 18.55 
Children 
aged 0-4 
person 32589 68078 59522 37875 53417 
% 12.96 27.07 23.67 15.06 21.24 
Females 
aged 15-44 
person 133411 248228 195032 116957 154340 





person 82058 160679 125675 68294 71620 













 84.26 280.46 310.49 245.27 787.29 
% 4.93 16.42 18.18 14.36 46.10 
Total 
population 
person 334139 954883 917494 600159 1025717 
% 8.72 24.92 23.94 15.66 26.76 
Children 
aged 0-4 
person 19300 57382 57648 39058 78094 
% 7.67 22.82 22.92 15.53 31.05 
Females 
aged 15-44 
person 79603 217685 197882 125718 227079 





person 49296 142741 134267 83389 98632 














 89.2 224.18 250.03 199.77 944.57 
% 5.22 13.13 14.64 11.70 55.31 
Total 
population 
person 354762 771264 765758 541837 1398770 
% 9.26 20.12 19.98 14.14 36.50 
Children 
aged 0-4 
person 19568 44949 46368 34322 106276 
% 7.78 17.87 18.44 13.65 42.26 
Females 
aged 15-44 
person 83847 175044 166210 114061 308806 





person 54176 116859 114738 79400 143153 
% 10.66 22.99 22.57 15.62 28.16 
Table 5.5: Size and percentage of residential MBs, residential areas and population within and 




Residential MBs Residential area Population 
count % km
2
 % count % 
≤ 4000 m 
GP clinic 39468 98.5 1550.63 90.8 3774073 98.48 
Pharmacy 39107 97.6 1508.52 88.33 3733708 97.43 
Dental clinic 37042 92.45 1351.08 79.11 3531278 92.14 
> 4000 m 
GP clinic 601 1.5 157.13 9.2 58319 1.52 
Pharmacy 962 2.4 199.24 11.67 98684 2.57 






Figure 5.4: Cumulative frequency distribution of population (persons, vertical axis) versus travel 
distance (m, horizontal axis) to the nearest GP clinic (top), pharmacy (middle), and dental clinic 
(bottom) in the MMA 
Table 5.6: Summary statistics and percentages of population within specified travel zones to GP 




Specified travel zones 




















person 1666560 1455103 476951 125061 50398 58319 3832392 
% 43.49 37.97 12.45 3.26 1.32 1.52 100 
Children 
aged 0-4 
person 100667 97398 35968 10039 3705 3705 251482 
% 40.03 38.73 14.30 3.99 1.47 1.47 100 
Females 
aged 15-44 
person 381639 311988 104452 28058 10661 11170 847968 





person 242737 193969 49612 10469 4823 6717 508327 











person 1289022 1517653 589441 225732 111860 98683 3832391 
% 33.63 39.60 15.38 5.89 2.92 2.57 100 
Children 
aged 0-4 
person 76682 96706 41398 18377 10265 8054 251482 
% 30.49 38.45 16.46 7.31 4.08 3.20 100 
Females 
aged 15-44 
person 297288 323600 127186 51794 26470 21629 847967 





person 192037 217656 65039 17644 7238 8712 508326 












person 1126026 1307596 618303 305336 174017 301114 3832392 
% 29.38 34.12 16.13 7.97 4.54 7.86 100 
Children 
aged 0-4 
person 64517 80690 42437 23216 14873 25750 251483 
% 25.65 32.09 16.87 9.23 5.91 10.24 100 
Females 
aged 15-44 
person 258890 280271 131194 68856 40175 68580 847966 





person 171035 194138 76633 27706 13512 25301 508325 
% 33.65 38.19 15.08 5.45 2.66 4.98 100 
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5.4 Number of Facilities within a Neighbourhood of 4000 m 
Travel Distance  
Map 5.13, Map 5.14, Map 5.15 and Map 5.16 show spatial variations in the number 
of GP clinics, GPs, pharmacies and dental clinics that are located within a 
neighbourhood of 4000 m travel distance along the road, respectively. On average, 
there are 24 GP clinics, 104 GPs, 14 pharmacies and 18 dental clinics fall within 
such a neighbourhood of a residential MB in the MMA (Figure 5.5). 
 
Figure 5.5: Frequency distributions of the number of GP clinic (a), GP (b), pharmacy (c), and dental 
clinic (d) within 4000 m travel distance from residential MB centroids in the MMA 
 
Map 5.13: Spatial variation in the number of GP clinics within 4000 m travel distance along the 
road from a residential MB across the MMA  
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Map 5.14: Spatial variation in the number of GP within 4000 m travel distance along the road from 
a residential MB across the MMA 
 
Map 5.15: Spatial variation in the number of pharmacies within 4000 m travel distance along the 
road from a residential MB across the MMA  
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Map 5.16: Spatial variation in the number of dental clinics within 4000 m travel distance along the 
road from a residential MB across the MMA  
5.5 Accessibility to an Individual Type of Primary Health Care 
Facility Measured by the M2SFCA_B Method 
The MB based spatial accessibility to each of the three types of primary health care 
facilities (i.e. GP clinic, pharmacy and dental clinic) by each of the four different 
population groups (i.e. children aged 0-4, females aged 15-44 and seniors aged 
above 65) are measured with four different FCA based methods (as described in 
Section 3.5). In this section, the results measured by the M2SFCA_B method with Sj 
= 1 (as described in Section 3.5.2) are presented. Results derived from other three 
FCA methods (as described in Section 3.5) are provided in the Appendix A (Map 7.1 
– Map 7.36) for the convenience of cross reference and comparison. 
Table 5.7 shows the summary statistics of log-transformed accessibility values 
derived from the M2SFCA_B method for each of the 12 specific combinations of 
population group and facility type, and Figure 5.6 shows the means of log-
transformed accessibility values. 
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Two general observations can be made from Table 5.7 and Figure 5.6: firstly, for 
each specific population group, the mean and median of accessibility to GP clinics 
always rank the highest, and the mean and median of accessibility to dental clinics 
always rank the lowest; secondly, as expected from the formulations for the 
M2SFCA_B method (as describe in Section 3.5.2), the absolute mean and median of 
accessibility are inversely related to the size of the population, with the mean and 
median for the total population group ranking the lowest, and the mean and median 
for the children population group ranking the highest. As stated in Section 4.2, on 
average, there are 7 children aged 0-4, 22 females aged 15-44 and 13 seniors aged 
65+ among every 100 persons in the MMA. 
Table 5.7: Summary statistics of log-transformed accessibility values 
Population 
group 
Facility type Minimum Maximum Mean Median Std. Dev. 
Total 
population 
GP clinic 4.61 12.49 9.96 10.12 0.95 
Pharmacy 4.61 12.33 9.40 9.71 1.07 
Dental clinic 4.50 12.33 9.17 9.68 1.64 
Children 
aged 0-4 
GP clinic 7.74 15.79 12.75 12.92 1.00 
Pharmacy 7.60 15.29 12.19 12.49 1.11 




GP clinic 6.80 16.22 11.50 11.67 0.89 
Pharmacy 6.21 14.03 10.93 11.23 1.07 





GP clinic 7.17 14.77 12.00 12.08 0.91 
Pharmacy 7.09 14.42 11.43 11.64 0.99 
Dental clinic 6.55 14.42 11.16 11.60 1.61 
 
 
Figure 5.6: Means of log-transformed accessibility values 
5.5.1 Accessibility to GP clinics 
Map 5.17 shows the spatial variations of MB based accessibility to GP clinics across 
the MMA, as measured by the M2SFCA_B method. We can see that significant 
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clusters of residential areas with low accessibility for the MB based total population 
are found in the peripheral LGAs, such as Cardinia, Casey, Hume, Melton, 
Mornington Peninsula, Nillumbik, Wyndham and Yarra Ranges, and in residential 
areas located to the east of Manningham and Whittlesea and southeast of Frankston 
and Knox. The spatial variation of MB based accessibility to GP clinic by three 
subgroups of population in the MMA measured by the M2SFCA_B method are 
shown in Map 5.18 (children aged 0-4), Map 5.19 (females aged 15-44) and Map 
5.20 (seniors aged 65+). Comparatively, accessibility for children aged 0-4 become 
worse in Darebin and become better in the Manningham, Monash and Whitehorse 
(as shown in Map 5.18); accessibility for females aged 15-44 become worse around 
the inner suburbs and become better in the Manningham and Monash (as shown in 
Map 5.19); and accessibility for seniors aged 65+ become worse in Darebin, 
Whitehorse and Mornington Peninsula and become better in Casey, Melton, 
Wyndham, east of Hume and Whittlesea and southwest of Yarra Ranges (as shown 
in Map 5.20). These differences in accessibility result mainly from the differences in 
spatial distributions of specific population groups. 
Table 5.8 and Figure 5.7 provide summary statistics and percentage of residential 
area and population for the (standard deviation based) five levels of accessibility to 
GP clinics in the MMA. In general, over one-third of the residential area and over 
one-fifth of the population, mainly in the peripheral suburbs as expected, are having 
lower than average level of accessibility to GP clinics. The percentages of residential 
areas that have a lower than average level of accessibility to GP clinics are about 
37%, 38%, 37% and 36% for the total population, children aged 0-4, females aged 
15-44 and seniors aged 65+, respectively. The corresponding percentages of 
population that have a lower than average level of accessibility to pharmacies are 
about 20%, 28%, 21% and 19%, respectively. 
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Map 5.17: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for the total 
population measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 5.18: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for children 
aged 0-4 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
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Map 5.19: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for females 
aged 15-44 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 5.20: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for seniors 
aged 65+ measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
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Table 5.8: Summary statistics and percentage of residential area and population for the five levels 
of accessibility to GP clinics in the MMA 
Population 
group 
Summary statistics and 
percentage 













1.5 - -0.5 
Std. Dev.) 


















 12.09 254.25 814.04 297.57 329.81 
% 0.71 14.89 47.67 17.42 19.31 
Population 
person 33434 862931 2185289 545607 205130 

















 17.5 260.54 772.09 298.57 359.06 
% 1.02 15.26 45.21 17.48 21.03 
Children aged 
0-4 
person 2570 49131 129504 48123 22154 




















 24.43 278.23 774.53 284.57 345.99 
% 1.43 16.29 45.35 16.66 20.26 
Females aged 
15-44 
person 4144 203653 460897 124646 54626 


















 15.87 290.55 792.65 299.13 309.55 





person 6481 103230 303645 77505 17464 
% 1.27 20.31 59.73 15.25 3.44 
 
 
Figure 5.7: Percentage of residential area and population for the five levels of accessibility to GP 
clinics for the four population groups in the MMA 
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5.5.2 Accessibility to Pharmacies 
The spatial variations of MB based accessibility to pharmacies are shown in Map 
5.21 (total population), Map 5.22 (children aged 0-4), Map 5.23 (females aged 15-
44) and Map 5.24 (seniors aged 65+). We can see that significant clusters of 
residential areas with low accessibility are found in the peripheral LGAs, such as 
Cardinia, Casey, Manningham, Melton, Mornington Peninsula and Wyndham, and in 
residential areas located to the east of Frankston and Whittlesea, north of Hume, 
and southeast of Knox. Table 5.9 and Figure 5.8 provide summary statistics and 
percentages of residential area and population for the (standard deviation based) 
five levels of accessibility to pharmacies in the MMA. In general, about 1/3 of the 
residential area and 1/5 of the population, mainly in the peripheral suburbs as 
expected, are having lower than average level of accessibility to pharmacies. The 
percentages of residential areas that have a lower than average level of accessibility 
to pharmacies are about 35%, 36%, 34% and 34% for the total population, children 
aged 0-4, females aged 15-44 and seniors aged 65+, respectively. The 
corresponding percentages of population that have a lower than average level of 
accessibility to pharmacies are about 19%, 27%, 20% and 15%, respectively. 
 
Map 5.21: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for the 
total population measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
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Map 5.22: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for children 
aged 0-4 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 5.23: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for females 
aged 15-44 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
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Map 5.24: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for seniors 
aged 65+ measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
Table 5.9: Summary statistics and percentage of residential area and population for the five levels 
of accessibility to pharmacies in the MMA 
Population 
group 
Summary statistics and 
percentage 













1.5 - -0.5 
Std. Dev.) 


















 6.01 318.97 782.31 246.26 354.21 
% 0.35 18.68 45.81 14.42 20.74 
Population 
person 3993 996388 2101589 450402 280021 

















 10.99 301.82 771.25 255.81 367.89 
% 0.64 17.67 45.16 14.98 21.54 
Children aged 
0-4 
person 617 52944 131202 38960 27760 




















 19.22 312.04 788.53 232.11 355.86 
% 1.13 18.27 46.17 13.59 20.84 
Females aged 
15-44 
person 2168 183852 492312 101436 68199 


















 16.85 288.44 817.54 251.57 333.36 





person 3046 111822 319233 55074 19151 
% 0.60 22.00 62.80 10.83 3.77 
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Figure 5.8: Percentages of residential area and population for the five levels of accessibility to 
pharmacies for the four population groups in the MMA 
5.5.3 Accessibility to Dental Clinics 
The spatial variations of spatial accessibility to dental clinics are shown in Map 5.25 
(total population), Map 5.26 (children aged 0-4), Map 5.27 (females aged 15-44) and 
Map 5.28 (seniors aged 65+). We can see that significant clusters of residential areas 
with low accessibility are found in the peripheral LGAs, such as Cardinia, Casey, 
Frankston, Hume, Melton, Mornington Peninsula, Wyndham and Yarra Ranges, and 
in residential areas located to the east of Manningham and Whittlesea. 
Table 5.10 and Figure 5.9 provide summary statistics and percentage of residential 
area and population for the (standard deviation based) five levels of accessibility to 
dental clinics in the MMA. In general, over one-third of the residential area and under 
one-fifth of the population, mainly in the peripheral suburbs as expected, are having 
lower than average level of accessibility to dental clinics. The percentages of 
residential areas that have a lower than average level of accessibility to dental clinics 
are about 37%, 37%, 36% and 34% for the total population, children aged 0-4, 
females aged 15-44 and seniors aged 65+, respectively. The corresponding 
percentages of population that have a lower than average level of accessibility to 
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dental clinics are about 19%, 15%, 20% and 13%, respectively. 
 
Map 5.25: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for the 
total population measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 5.26: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
children aged 0-4 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
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Map 5.27: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
females aged 15-44 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 
1)  
 
Map 5.28: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
seniors aged 65+ measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
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Table 5.10: Summary statistics and percentage of residential area and population for the five levels 
of accessibility to dental clinics in the MMA 
Population 
group 
Summary statistics and 
percentage 













1.5 - -0.5 
Std. Dev.) 


















 1.13 339.83 741.72 209.11 415.98 
% 0.07 19.90 43.43 12.24 24.36 
Population 
person 9435 1151307 1946543 328454 396653 

















 2.01 335.75 739.77 213.48 416.76 
% 0.12 19.66 43.32 12.50 24.40 
Children aged 
0-4 
person 797 62460 125495 27765 34965 




















 1.63 378.14 703.59 201.73 422.67 
% 0.10 22.14 41.20 11.81 24.75 
Females aged 
15-44 
person 244 259936 418214 73863 95711 


















 4.25 306.88 804.21 185.69 406.73 





person 2999 142989 297578 33203 31556 
% 0.59 28.13 58.54 6.53 6.21 
 
 
Figure 5.9: Percentages of residential area and population for the five levels of accessibility to 
dental clinics for the four population groups in the MMA 
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5.6 Disadvantaged Locations with Poor Accessibility to 
Primary Health Care Facilities 
According to the method described in Table 3.4, the estimated MB based population 
demand (as shown in Map 5.1, Map 5.3, Map 5.5 and Map 5.7) and the MB based 
service provision derived from the MB based measured accessibility score through 
quintile classification (as shown in a set of maps in the Appendix B), are combined to 
identify the disadvantaged residential MBs with poor accessibility to primary health 
care facilities. Map 5.29, Map 5.31 and Map 5.33 show the spatial variations in the 
level of locational disadvantage of access to the GP clinic, pharmacy and dental 
clinic for the MB based total population in the MMA, respectively. The spatial 
variations in the level of locational disadvantage of access to the GP clinic, 
pharmacy and dental clinic for the three subgroups of population in the MMA are 
shown in the maps in Appendix C (Map 7.49 – Map 7.57).  
Data presented in Map 5.29, Map 5.31 and Map 5.33 are then subjected to the 
Getis-Ord Gi* based hotspot analysis and spatial clusters of high level of locational 
disadvantage are identified and located, as shown in Map 5.30 (for GP clinics), Map 
5.32 (for pharmacies) and Map 5.34 (for dental clinics). We can see that spatial 
distributions of significant clusters of disadvantaged residential MBs with poor 
accessibility to GP clinics, pharmacies and dental clinics for the total population are 
heavily influenced by the relevant spatial patterns of accessibility. 
Table 5.11 and Figure 5.10 show the summary statistics and percentage of 
residential area and population for the five levels of locational disadvantage in 
access to primary health care facilities for the total population in the MMA. According 
to the ABS 2011 census, there are about 23.2%, 24.2% and 23.5% of the residential 
area having a higher than average level of locational disadvantage (i.e. including 
both level 4 and level 5 of locational disadvantage) in access to GP clinics, 
pharmacies and dental clinics, respectively; and there are about 39.4%, 41.8% and 
41.2% of the total population having a higher than average level of locational 
disadvantage in access to GP clinics, pharmacies and dental clinics, respectively. 
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Map 5.29: Spatial variation of locational disadvantage in access to GP clinics for the MB based total 
population in the MMA 
 
Map 5.30: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
locational disadvantage in access to GP clinics for the MB based total population in the MMA 
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Map 5.31: Spatial variation of locational disadvantage in access to pharmacies for the MB based 
total population in the MMA 
 
Map 5.32: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
locational disadvantage in access to pharmacies for the MB based total population in the MMA 
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Map 5.33: Spatial variation of locational disadvantage in access to dental clinics for the MB based 
total population in the MMA 
 
Map 5.34: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
locational disadvantage in access to GP clinics for the MB based total population in the MMA 
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Table 5.11: Summary statistics and percentage of residential area and population for the five levels 
of disadvantage of accessibility to primary health care facilities for the total population in the MMA 
Facility type Summary statistics and 
percentage 
Disadvantaged level 













 175.21 401.47 734.87 323.73 72.48 
% 10.26 23.51 43.03 18.96 4.24 
Population person 223656 869725 1230832 1185326 322852 





 187.67 401.35 705.59 335.31 77.85 
% 10.99 23.50 41.32 19.63 4.56 
Population person 239697 848750 1141067 1265306 337572 
% 6.25 22.15 29.77 33.02 8.81 




 157.42 438.72 709.72 327.02 74.88 
% 9.22 25.69 41.56 19.15 4.38 
Population person 261818 924328 1067870 1245262 333115 
% 6.83 24.12 27.86 32.49 8.69 
 
 
Figure 5.10: Percentage of residential area (top) and population (bottom) for the five levels of 
disadvantage of accessibility to primary health care facilities for the total population in the MMA 
Produced with the procedures described in Section 3.6, Map 5.35, Map 5.37 and 
Map 5.39 show the spatial variations of combined locational disadvantage in access 
to GP clinic, pharmacy and dental clinic, respectively, for the four population groups. 
Map 5.36, Map 5.38 and Map 5.40 show the spatial clusters of residential MBs with 
high, average or low combined locational disadvantage in access to GP clinic, 
pharmacy and dental clinic, respectively, for the four population groups. 
Table 5.12 and Figure 5.11 provides summary statistics and percentage of residential 
area and population for the five classes of combined locational disadvantage in 
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access to specific type of primary health care facilities for the four MB based 
population groups in the MMA. We can see that, there are about 2.9%, 3.1% and 
3.2% of the residential area having a relatively high level of combined locational 
disadvantage in access to GP clinic, pharmacy and dental clinic, respectively, for at 
least three of the four population groups (i.e. including both the locational 
disadvantage level 3 and level 4). Based on the ABS 2011 census, there are about 
5.5%, 5.9% and 6.2% of the total population having a relatively high level of 
combined locational disadvantage in access to GP clinic, pharmacy and dental clinic, 
respectively, for at least three of the four population groups.  
Map 5.41, Map 5.43, Map 5.45 and Map 5.47 show the spatial variations of 
combined locational disadvantage in access to the three types of primary health care 
facilities for the total population, children aged 0-4, females aged 15-44 and seniors 
aged 65+, respectively. Map 5.42, Map 5.44, Map 5.46 and Map 5.48 show the 
spatial clusters of residential MBs with high, average or low combined locational 
disadvantage in access to the three types of primary health care facilities for the total 
population, children aged 0-4, females aged 15-44 and seniors aged 65+, 
respectively. 
Table 5.13 and Figure 5.12 shows the summary statistics and percentage of 
residential area and population for the five classes of combined locational 
disadvantage in access to the three types of primary health care facilities for the 
specific MB based population groups in the MMA. We can see that there are about 
8% of the total population, 26% of the children aged 0-4, 15% of females aged 15-
44, and 18% of the seniors aged 65+ having a relatively high level of combined 
locational disadvantage in access to at least two of the three types of primary health 
care facilities. 
Map 5.49 and Map 5.50 show the spatial variation and spatial clusters in combined 
locational disadvantage in access to the three types of primary health care facilities 
and for the four population groups, respectively. 
Table 5.14 shows the summary statistics and percentage of residential area and 
population for the 12 classes of combined locational disadvantage in access to the 
three types of primary health care facilities for the four MB based population groups 
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in the MMA. For the combined locational disadvantage in access to the three types 
of primary health care facilities and for the four population groups, about 5.5% of the 
population and around 3% of the residential area in the MMA are located on 
locations with worse than level 6 of combined locational disadvantage (Figure 6.5). 
Table 5.15 lists the LGA based disadvantaged localities with high level of combined 
locational disadvantage in access to the three types of primary health care facilities 
for the four MB based population groups in the MMA. 
 
Map 5.35 Spatial variation of combined locational disadvantage in access to GP clinics for the four 
MB based population groups in the MMA  
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Map 5.36: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
combined locational disadvantage in access to GP clinics for the four MB based population groups 
in the MMA 
 
Map 5.37: Spatial variation of combined locational disadvantage in access to pharmacies for the 
four MB based population groups in the MMA 
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Map 5.38: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
combined locational disadvantage in access to pharmacies for the four MB based population groups 
in the MMA 
 
Map 5.39: Spatial variation of combined locational disadvantage in access to dental clinics for the 
four MB based population groups in the MMA 
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Map 5.40: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
combined locational disadvantage in access to dental clinics for the four MB based population 
groups in the MMA  
 
Map 5.41: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the MB based total population in the MMA 
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Map 5.42: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
combined locational disadvantage in access to three types of primary health care facilities for the 
total population in the MMA 
 
Map 5.43: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the MB based children aged 0-4 in the MMA 
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Map 5.44: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
combined locational disadvantage in access to three types of primary health care facilities for 
children aged 0-4 in the MMA 
 
Map 5.45: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the MB based females aged 15-44 in the MMA 
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Map 5.46: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
combined locational disadvantage in access to three types of primary health care facilities for 
females aged 15-44 in the MMA 
 
Map 5.47: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the MB based seniors aged 65+ in the MMA 
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Map 5.48: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
combined locational disadvantage in access to three types of primary health care facilities for 
seniors aged 65+ in the MMA 
 
Map 5.49: Spatial variation of combined locational disadvantage in access to the three types of 
primary health care facilities for the four MB based population groups in the MMA 
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Map 5.50: Spatial clusters of residential locations with high (red), average (yellow) or low (green) 
combined locational disadvantage in access to the three types of primary health care facilities for 
the four MB based population groups in the MMA 
Table 5.12: Summary statistics and percentage of residential area and population for the five 
classes of combined locational disadvantage in access to specific type of primary health care 
facilities for the four MB based population groups in the MMA 
Facility type Summary statistics and 
percentage 
Locational disadvantage class 













 1304.23 250.93 103.7 47.37 1.54 
% 76.37 14.69 6.07 2.77 0.09 
Population person 2632849 661440 326095 204589 7419 





 1320.03 235.23 99.61 51.62 1.28 
% 77.30 13.77 5.83 3.02 0.07 
Population person 2666312 632565 307506 219599 6409 
% 69.57 16.51 8.02 5.73 0.17 




 1355.07 201 96.61 51.98 3.09 
% 79.35 11.77 5.66 3.04 0.18 
Population person 2775063 522370 296296 223564 15099 




Figure 5.11: Percentages of residential area (top) and population (bottom) for the five classes of 
combined locational disadvantage in access to specific type of primary health care facilities for the 
four MB based population groups in the MMA 
Table 5.13: Summary statistics and percentage of residential area and population for the five 
classes of combined locational disadvantage in access to the three types of primary health care 
facilities for the specific MB based population groups in the MMA 
Population 
group 
Summary statistics and 
percentage 
Locational disadvantage class 
0 (Low) 1 2 3 (High) 
Total population Residential area km
2
 1594.53 45.32 23.83 44.08 
% 93.37 2.65 1.4 2.58 
Population person 3326079 211694 102012 192607 





 1430.53 64.67 37.42 175.14 
% 83.77 3.79 2.19 10.26 
Population person 168425 18556 10321 54180 





 1510.46 55.6 33.38 108.32 
% 88.45 3.26 1.95 6.34 
Population person 664251 58698 29704 95315 







 1469.36 104.27 80.59 53.54 
% 86.04 6.11 4.72 3.14 
Population person 349804 66297 54373 37851 




Figure 5.12: Percentages of residential area (top) and population (bottom) for the five classes of 
combined locational disadvantage in access to the three types of primary health care facilities for 
the specific MB based population groups in the MMA 
Table 5.14: Summary statistics and percentage of residential area and population for the 12 classes 
of combined locational disadvantage in access to the three types of primary health care facilities for 
the four MB based population groups in the MMA 
Level of locational 
disadvantage 
 
Residential area Population 
km
2 % person % 
0 (Low) 1167.87 68.39 2188109 57.10 
1 139.83 8.19 418305 10.91 
2 119.93 7.02 352144 9.19 
3 117.59 6.89 306482 8.00 
4 25.02 1.47 92087 2.40 
5 18.98 1.11 65547 1.71 
6 69.58 4.07 200954 5.24 
7 8.85 0.52 35534 0.93 
8 6.8 0.40 28264 0.74 
9 32.17 1.88 139463 3.64 
10 0.27 0.02 1283 0.03 
11 0.48 0.03 2202 0.06 





Table 5.15: LGA based disadvantaged localities with high level of combined locational disadvantage 
in access to the three types of primary health care facilities for the four MB based population groups 
in the MMA 
LGA Locality 
Banyule Macleod, Viewbank, Yallambie 
Bayside Beaumaris, Black Rock, Sandringham 
Brimbank Albanvale, Ardeer, Cairnlea, Deer Park, Delahey, Derrimut, Kings Park, Sunshine West, 
Sydenham 
Cardinia Pakenham 
Casey Berwick, Cranbourne East, Cranbourne North, Hampton Park, Lynbrook, Narre Warren South 
Darebin Reservoir 
Frankston Carrum Downs, Frankston North, Langwarrin, Sandhurst, Seaford, Skye 
Greater Dandenong Keysborough 
Hobsons Bay Altona Meadows, Altona North 
Hume Craigieburn, Meadow Heights, Roxburgh Park, Sunbury 
Kingston Aspendale, Clarinda, Dingley Village, Mordialloc, Parkdale, Waterways  
Knox Ferntree Gully, Rowville 
Maroondah Croydon North 
Melton Brookfield, Burnside, Burnside Heights, Caroline Springs, Hillside (Melton), Kurunjang, Melton 
South, Melton West, Taylors Hill 
Moonee Valley Avondale Heights, Keilor East 
Moreland Fawkner, Gowanbrae, Hadfield 
Mornington Peninsula Mount Martha, Rosebud West, Tootgarook 
Port Phillip Port Melbourne 
Whitehorse Blackburn North, Blackburn South, Burwood East, Nunawading, Vermont 
Whittlesea Doreen, Epping, Lalor, Mernda, South Morang, Thomastown 
Wyndham Hoppers Crossing, Point Cook, Tarneit, Wyndham Vale 
5.7 Summary 
Assisted with a set of maps, tables and charts, this chapter presented some key 
results of this study that show MB based spatial variations in accessibility to the 
three types of primary health care facilities selected for this study, including GP 
clinics, pharmacies and dental clinics, in terms of (1) travel distance to the nearest 
health care facility from each residential MB centroid; (2) number of primary health 
care facilities within a neighbourhood of 4000 m travel distance from each residential 
MB centroid; (3) accessibility measured by the M2SFCA_B method; (4) specified 
and combined locational disadvantage in access to primary health care facilities. In 
addition, spatial clusters of residential locations with high, average and low levels of 
locational disadvantage in access to primary health care facilities are identified and 
mapped. 
Generally speaking, the MMA has a good accessibility to primary health care 
facilities. The average travel distances to the nearest GP clinics, pharmacies and 
dental clinics from residential MB centroids in the MMA are about 1100 m, 1300 m 
and 1700 m, respectively. About 57%, 46%, and 40% of the population in the MMA 
have access to GP clinics, pharmacies and dental clinics, respectively, within a road 
network distance of 1000 m. Within neighbourhoods of 4000 m travel distance over 
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the road network from residential locations, 98.5%, 97.4% or 92.1% of the population 
in the MMA can reach at least one GP clinic, one pharmacy or one dental clinic, 
respectively. On average, there are 24 GP clinics, 104 GPs, 14 pharmacies and 18 
dental clinics located within a neighbourhood of 4000 m from a residential MB in the 
MMA. Results derived from both the distance based method and the FCA based 
methods indicate a similar rank order of MB based accessibility among the three 
types of primary health care facilities: accessibility to GP clinic rank the highest and 
accessibility to dental clinic rank the lowest. 
Spatially, the inner suburbs have relatively better accessibility to all three types of 
facilities than the peripheral suburbs. Significant clusters of residential areas with low 
accessibility are found in the peripheral LGAs, such as Cardinia, Casey, Hume, 
Melton, Mornington Peninsula, Wyndham and Yarra Ranges, and in residential areas 
located to the east of Frankston and Manningham, north of Maroondah and 
southeast of Knox. Table 5.16 provides a summary of the percentages of residential 
area and population for the three levels of accessibility to primary health care 
facilities in the MMA, for the four population groups. On average, about 24.7% of the 
population in 18.5% of the residential area, mainly in the inner suburbs, enjoy higher 
than average level of accessibility to primary health care facilities, while 20.3% of the 
population in 36.1% of the residential area, mainly in the peripheral suburbs, have 
lower than average level of accessibility to primary health care facilities. 
Table 5.16: Summary statistics and percentage of residential area and population for the three 
levels of accessibility to primary health care facilities in the MMA, for the four population groups 
Percentage (%) 
Level of Accessibility  
(Residential area) 











T 15.6 47.7 36.7 23.4 57.0 19.6 
C 16.3 45.2 38.5 20.6 51.5 28.0 
F 17.7 45.4 36.9 24.5 54.4 21.1 
S 17.9 46.4 35.7 21.6 59.7 18.7 
Pharmacy 
T 19.0 45.8 35.2 26.1 54.8 19.1 
C 18.3 45.2 36.5 21.3 52.2 26.5 
F 19.4 46.2 34.4 21.9 58.1 20.0 
S 17.9 47.9 34.3 22.6 62.8 14.6 
Dental clinic 
T 20.0 43.4 36.6 30.3 50.8 18.9 
C 19.8 43.3 36.9 25.2 49.9 24.9 
F 22.2 41.2 36.6 30.7 49.3 20.0 





For the combined locational disadvantage, there are about 23.2%, 24.2% and 23.5% 
of the residential area having a higher than average level of locational disadvantage 
(i.e. including both the locational disadvantage level 4 and level 5) in access to GP 
clinics, pharmacies and dental clinics, respectively. Based on the 2011 ABS census, 
there are about 39.4%, 41.8% and 41.2% of the total population having a higher than 
average level of combined locational disadvantage in access to GP clinics, 
pharmacies and dental clinics, respectively. 
And there are about 2.9%, 3.1% and 3.2% of the residential area having a relatively 
high level of combined locational disadvantage (i.e. including both the locational 
disadvantage level 3 and level 4) in access to GP clinics, pharmacies and dental 
clinics, respectively, for at least three of the four population groups. Based on the 
ABS 2011 census, there are about 5.5%, 5.9% and 6.2% of the total population 
having a relatively high level of combined locational disadvantage in access to GP 
clinics, pharmacies and dental clinics, respectively, for at least three of the four 
population groups. 
There are about 8% of the total population, 26% of the children aged 0-4, 15% of 
females aged 15-44 and 18% of the seniors aged 65+ having a relatively high level of 
combined locational disadvantage in access to at least two of the three types of 
primary health care facilities. 
For the combined locational disadvantage in access to the three types of primary 
health care facilities and the four population groups, about 5.5% of the population 
and around 3% of the residential area in the MMA are having a worse than level 6 of 
combined locational disadvantage. These residential areas are found in the LGAs of 
Hume, Melton, Wyndham, Whittlesea, east of Kingston, north of Casey, Frankston, 





Chapter 6 Discussions, Conclusions and Recommendations 
This chapter summarizes key contributions made through this study, including results 
answering the research questions and approaches and evidences addressing the 
research objectives. In addition, discussions on some methodological issues and 
recommendations for further researches are also presented. 
6.1 Discussions 
This section attempts to clarity the reasons for choosing the M2SFCA_B method, 
among the four FCA methods discussed in Chapter 3, for measuring accessibility to 
primary health care facilities in this study. This study applies both assumed facility 
attractiveness (Sj = 1) and estimated facility attractiveness (Sj ≤ 1) for the GP clinics, 
but, only applies the assumed facility attractiveness (Sj = 1) for the pharmacies and 
dental clinics due to limited data availability. The extent to which the results are 
influenced by the different facility attractiveness settings are illustrated with data on 
the GP clinics (Section 6.1.1).  
The reasons for using the classified binary values to derive combined locational 
disadvantage scores for each residential MB are discussed and illustrated using 
concrete examples (Section 6.1.2).  
The value of conducting spatial analysis at a finer spatial resolution for spatially 
aggregating the results into other larger spatial units as needed are also illustrated 
with examples involving both MBs and Medicare Locals (Section 6.1.3). 
6.1.1 Comparison among the different FCA methods 
As described in Section 3.5, four different FCA methods (i.e. E2SFCA_G, 
E2SFCA_B, M2SFCA_G and M2SFCA_B) have been used in this study to measure 
spatial accessibility to primary health care facilities in the MMA. Visually, the spatial 
variations derived from these methods are quite similar (as shown in Maps 6.1 – 6.4 
for the MB-based accessibility to GP clinics for the total population in the MMA). 
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Map 6.1: Spatial variation of MB based accessibility to GP clinics in the MMA for the total 
population measured by the E2SFCA_G method (with the Gaussian decay and Sj ≤ 1) 
 
Map 6.2: Spatial variation of MB based accessibility to GP clinics in the MMA for the total 
population measured by the E2SFCA_B method (with the Butterworth filter decay and Sj ≤ 1)  
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Map 6.3: Spatial variation of MB based accessibility to GP clinics in the MMA for the total 
population measured by the M2SFCA_G method (with the Gaussian decay and Sj ≤ 1) 
 
Map 6.4: Spatial variation of MB based accessibility to GP clinics in the MMA for the total 
population measured by the M2SFCA_B method (with the Butterworth filter decay and Sj ≤ 1) 
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Theoretically, however, the M2SFCA methods emphasize more on the distance 
decay weighting, resulting in comparatively smaller accessibility values than the 
accessibility values generated from the E2SFCA methods. 
Table 6.1 provides summarized statistics of the original values (Ak) and 
logarithmically transformed values (LAk= log (Ak*100000000)) measured by the four 
different FCA based methods, and Figure 6.1 shows the average LAk values. Figure 
6.2 shows the comparisons between LAk values derived with the M2SFCA_B 
method and the E2SFCA_B method (left), and between LAk values derived with the 
M2SFCA_B method and the M2SFCA_G method (right). The tabled statistical values 
are based on LAk for residential MBs within the specified neighbourhood of 4000 m 
travel distance, and the LAk for the residential MBs outside of the specified 
neighbourhoods of 4000 m travel distance (601 residential MBs out of the total 
40069 residential MBs in the MMA, Table 5.4) are excluded because no actual 
accessibility values are measured for them.  
On average, whether using Sj = 1 or Sj  1, three observations can be made from 
Figure 6.1 and Figure 6.2: (1) for both the E2SFCA and the M2SFCA methods, the 
Butterworth filter based distance decay results in a relatively higher mean LAk scores 
than the mean LAk scores resulted from the Gaussian distance decaying function 
(Figure 6.1); (2) with same distance decaying function, the E2SFCA methods result 
in relatively higher mean LAk scores than the mean LAk scores resulted from the 
M2SFCA methods (Figure 6.1); and (3) overall, the M2SFCA_B method results in 
LAk scores that are higher than the LAk scores resulted from the M2SFCA_G method 
but lower than the LAk scores resulted from the two E2SFCA methods (see Figure 
6.1 for mean LAk scores and Figure 6.2 for MB based LAk scores).  
For meaningful comparisons among the four FCA methods, using the results from 
the M2SFCA_B method (Map 6.4) as a benchmark, standard deviation based 
thematic class limits (of LAk value), used for generating Map 6.4, are applied to 
results from the other three FCA based methods, resulting in three corresponding 
thematic maps (Map 6.5, Map 6.6 and Map 6.7), one summary table (Table 6.2) and 
one bar chart (Figure 6.3), showing summary statistics and percentages of 
residential area and population for the five levels of accessibility to GP clinic in the 
MMA. 
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Compared with the benchmark Map 6.4 (resulted from the M2SFCA_B method), 
both the E2SFCA_G and the E2SFCA_B methods result in more residential 
locations being classified as having higher LAk scores and coloured in green in Map 
6.5 and Map 6.6, but the M2SFCA_G method results in more residential locations 
being classified as having lower LAk scores and coloured in red in Map 6.7.  
As shown in Table 6.2 and Figure 6.3, both the E2SFCA_G and the E2SFCA_B 
methods result in relatively larger residential locations (about 32%); and population 
(about 45%) are classified as having a higher than average LAk score, compared to 
about 16% of residential locations and about 24% of the population from the 
M2SFCA_B method. In contrast, the M2SFCA_G methods results in relatively larger 
residential locations (about 60%) and population (about 45%) are classified as 
having a lower than average LAk score, compared to about 37% of residential 
locations and about 20% of the population from the M2SFCA_B method. 
To avoid extreme lengthy presentations, this study has chosen to present results 
from the M2SFCA_B method in Chapter 5 and puts results from other three FCA 
based methods in the Appendix A for cross references. 
Table 6.1: Summary statistics for original Ak value and log-transformed LAk value measured with 





Methods Min Max Average Median Std. Dev. 
Sj  1 
Ak 
E2SFCA_G 1.23095E-06 0.004557 0.000244 0.000218 0.000155 
E2SFCA_B 6.0824E-06 0.004403 0.000242 0.000222 0.000131 
M2SFCA_G 2.57501E-08 0.001821 0.000128 0.000107 0.000104 
M2SFCA_B 1.52195E-06 0.001518 0.000181 0.000163 0.000106 
LAk 
E2SFCA_G 4.81296 13.029488 9.88281 9.987975 0.752949 
E2SFCA_B 6.41057 12.995155 9.947987 10.00797 0.579911 
M2SFCA_G 0.945853 12.112066 9.05788 9.279898 1.145912 
M2SFCA_B 5.025162 11.930412 9.621758 9.698439 0.669212 
Sj =1 
Ak 
E2SFCA_G 1.74817E-06 0.009906 0.000376 0.000335 0.00025 
E2SFCA_B 8.62935E-06 0.009571 0.000374 0.000341 0.000215 
M2SFCA_G 3.433E-08 0.002813 0.000197 0.000165 0.000164 
M2SFCA_B 2.27636E-06 0.002666 0.000279 0.00025 0.000171 
LAk 
E2SFCA_G 5.16374 13.806017 10.307762 10.418562 0.767176 
E2SFCA_B 6.76034 13.771683 10.371828 10.435776 0.598788 
M2SFCA_G 1.233535 12.547272 9.484794 9.711338 1.155904 






Figure 6.1: Mean LAk value derived with different methods (top – Sj ≤ 1, bottom – Sj = 1) 
 
Figure 6.2: Comparison between LAk values derived with the M2SFCA_B method and the E2SFCA_B 





Map 6.5: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for the total 
population measured by the E2SFCA_G method (with the Gaussian decay and Sj ≤ 1) 
 
Map 6.6: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for the total 
population measured by the E2SFCA_B method (with the Butterworth filter decay and Sj ≤ 1) 
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Map 6.7: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for the total 
population measured by the M2SFCA_G method (with the Gaussian decay and Sj ≤ 1) 
Table 6.2: Summary statistics and percentages of residential area and population for the five levels 
of accessibility to GP clinic for the total population in the MMA derived with different methods 




























 39.19 499.56 610.57 216.00 342.44 
% 2.29 29.25 35.75 12.65 20.05 
Population 
person 149821 1558640 1540493 374657 208781 














 17.01 549.23 685.83 223.61 232.09 
% 1 32.16 40.16 13.09 13.59 
Population 
person 91849 1689235 1638984 308268 104055 














 11.07 118.51 557.82 417.64 602.72 
% 0.65 6.94 32.66 24.46 35.29 
Population 
person 26381 405385 1683431 1046757 670438 














 9.05 267.02 795.90 297.61 338.18 
% 0.53 15.64 46.60 17.43 19.80 
Population 
person 31951 896177 2141548 548589 214126 
% 0.83 23.38 55.88 14.31 5.59 
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Figure 6.3: Percentages of residential area and population for the five levels of accessibility to GP 
clinic for the total population in the MMA derived with different methods 
Due to the difficulty in collecting required data on the relevant attributes of 
pharmacies and dental clinics, equal level of facility attractiveness (i.e. Sj = 1) is 
assumed in measuring and mapping spatial accessibility. To assist the understanding 
of the likely impact of this assumption imposed on the results, attributes collected for 
the GP clinics are used with the M2SFCA_B method to illustrate both spatially and 
statistically the differences between the results derived using Sj = 1 and the results 
derived using Sj ≤ 1. 
Figure 6.4 shows the statistical comparison of LAk values derived with the 
M2SFCA_B method using Sj ≤ 1 and Sj = 1. We can see that the LAk values are 
comparatively smaller when using Sj ≤ 1 (Table 6.1, Figure 6.1 and Figure 6.4).  
Spatial comparison involves three thematic maps: the first one (Map 5.13) shows the 
spatial variations of MB based accessibility to GP clinics measured by the 
M2SFCA_B method using Sj = 1, the second one (Map 6.4) shows the spatial 
variations of MB based accessibility to GP clinics measured by the M2SFCA_B 
method using Sj ≤ 1, and the third one (Map 6.8) shows the differences between the 
first one (Map 5.17) and the second one (Map 6.4), indicating spatial variations in the 
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changes in accessibility scores measured by the M2SFCA_B method using Sj = 1 
and Sj ≤ 1 for each residential MB in the MMA. In general, as expected, bigger 
differences are found in areas corresponding with higher demand for GP services. 
Using the method illustrated by Table 6.3, the residential locations with different 
levels of potential for improvement in accessibility to GP clinics can be measured by 
overlaying the population demand (Map 5.1) and the accessibility change (Map 6.8). 
The locations with high level of accessibility change and high level of population 
demand represent the locations with high level of potential for improvement 
(indicated as level 5 in Map 6.9). Any existing low attractive GP clinics (e.g. Sj ≤ 0.6) 
located within these areas can be regarded as having greater priority for 
improvement. Out of the 527 GP clinics with facility attractiveness less than 0.6 in 
the MMA, 104 GP clinics are found in areas labelled with high level of potential for 
improvement, and therefore, can be regarded as having greater priority for 
improvement. The improvement of these GP clinics‟ modifiable attributes such as the 
number of GPs, opening hours and fee charge scheme may result in a greater 
improvement in accessibility to their neighbouring residential locations and will better 
meet the demand for GP services from the neighbouring residential populations. 
Due to the unavailability of relevant attribute data for pharmacies and dental clinics, 
this study assumes best facility attractiveness by setting Sj = 1 for GP clinics, 
pharmacies and dental clinics. This assumed facility attractiveness also enables the 
integration of MB based specific accessibility scores to generate the combined 
locational disadvantage in access to primary health care facilities as illustrated in 
Table 3.6. 
 




Table 6.3: Five levels of potential for improvement in accessibility to GP clinics defined by the 
quantitative relationship between demand and accessibility change (personal discussion with Dr 
Gang-Jun Liu) 
Level of potential for 
improvement 








































4 3 2 2 1 
Average (level = 
3) 





5 4 4 3 2 
High (level = 5) 5 5 4 4 3 
 
 
Map 6.8: Spatial variation of MB based level of accessibility change between values measured by the 
M2SFCA_B method using Sj = 1 and Sj ≤ 1 in the MMA 
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Map 6.9: Spatial variation of MB based level of potential for improvement in accessibility to GP 
clinics in the MMA 
6.1.2 Combined locational disadvantage 
To assist the determination of combined locational disadvantage, each residential 
MB is recoded based on its level of specific locational disadvantage: it is recoded as 
1 if it has the highest level (indicated as 5 in Table 3.4) of a specific locational 
disadvantage or as 0 if it does not. This recoding scheme is applied to each of the 12 
different categories of specific locational disadvantage measures (for the 12 different 
combinations of facility type and population group, indicated as a11 – a34 in Table 
3.5), resulting in eight different values indicating different types of combined 
locational disadvantages for each residential MB, at two different levels of 
generalization (Table 3.5). This binary-based recoding scheme is applied to ensure 
the unambiguous identification of the most disadvantaged residential locations, in 
the generalized outputs.  
If the outputs for the combined locational disadvantage are directly derived from the 
unclassified non-binary coding scheme (indicated as [1,5] in Table 3.4), the output 
values for the level of combined locational disadvantage (indicated as [3,15], [4,20] 
or [12,60] in Table 3.5) may be suitable for portraying an overall spatial variation in 
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the level of combined locational disadvantage but can pose some difficulties to the 
unambiguous identification of the most disadvantaged residential locations: some 
residential locations do not belong to the most disadvantaged in relation to some 
specific facility and population group combinations may be identified as the most 
disadvantaged, and vice versa. 
Map 6.10 and Map 6.11 show the spatial variation of combined locational 
disadvantage in access to GP clinics for the four MB based population groups in the 
MMA generated using the non-binary and the binary coding scheme, respectively. 
Map 6.12 and Map 6.13 show the spatial variation of combined locational 
disadvantage in access to three types of facilities for the MB based total population 
in the MMA generated using the non-binary and the binary coding scheme, 
respectively. Map 6.14 and Map 6.15 show the spatial variation of combined 
locational disadvantage in access to the three types of primary health care facilities 
for the four MB based population groups in the MMA generated using the non-binary 
and the binary coding scheme, respectively. 
Table 6.4 and Figure 6.5 show the summary statistics and percentage of residential 
area and population for the five classes of combined locational disadvantage in 
access to GP clinics for the four MB based population groups in the MMA generated 
using the non-binary and the binary coding scheme, respectively. According to the 
binary coding scheme, about 31% of the population at about 24% of the residential 
area in the MMA are suffering high level locational disadvantage in access to GP 
clinics for at least one of the four population groups, while about 5.5% of the 
population at about 3% of the residential area in the MMA are suffering high level 
locational disadvantage in access to GP clinics for at least three of the four 
population groups. According to the non-binary coding scheme, the percentage of 
population and residential area that are suffering high level of locational 
disadvantage is about 11% and 6%, respectively. 
Table 6.5 and Figure 6.6 show the summary statistics and percentage of residential 
area and population for the five classes of combined locational disadvantage in 
access to three types of primary health care facilities for the MB based total 
population in the MMA generated using the non-binary and the binary coding 
scheme, respectively. According to the binary coding scheme, about 13% of the 
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population at about 7% of the residential area in the MMA are suffering high level 
locational disadvantage in access to at least one type of the primary health care 
facilities for the total population, while about 8% of the population at about 4% of the 
residential area in the MMA are suffering high level locational disadvantage in 
access to at least two of the three types of the primary health care facilities. 
According to the non-binary coding scheme, the percentage of population and 
residential area that are suffering a high level of locational disadvantage is about 
12% and 6%, respectively. 
Table 6.6 and Figure 6.7 show the summary statistics and percentage of residential 
area and population for the five classes of combined locational disadvantage in 
access to three types of primary health care facilities for the four MB based 
population groups in the MMA generated using the non-binary and the binary 
classification scheme, respectively. According to the binary coding scheme, about 
12% of the population at about 8% of the residential area in the MMA are suffering 
high level locational disadvantage in access to GP clinics for at least 5 of the 12 
facility type and population group combinations, while about 5% of the population at 
about 3% of the residential area in the MMA are suffering high level locational 
disadvantage in access for at least 7 of the 12 facility type and population group 
combinations. According to the non-binary coding scheme, the percentage of 
population and residential area that are suffering high level of locational 
disadvantage is about 12% and 7%, respectively. 
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Map 6.10: Spatial variation of combined locational disadvantage in access to GP clinics for the four 
MB based population groups in the MMA (non-binary coding scheme) 
 
Map 6.11: Spatial variation of combined locational disadvantage in access to GP clinics for the four 
MB based population groups in the MMA (binary coding scheme) 
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Table 6.4: Summary statistics and percentage of residential area and population for the five classes 
of combined locational disadvantage in access to GP clinics for the four MB based population 
groups in the MMA 
 
Summary statistics and 
percentage 
Residential area Population 
km
2





















































4 30.99 1.81 18611 0.49 
5-8 254.23 14.89 479025 12.50 
9-12 539.83 31.61 1424140 37.16 
13-16 774.35 45.34 1496920 39.06 


















0 1304.23 76.37 2632849 68.70 
1 250.93 14.69 661440 17.26 
2 103.70 6.07 326095 8.51 
3 47.37 2.77 204589 5.34 
4 1.54 0.09 7419 0.19 
 
 
Figure 6.5: Summary statistics and percentage of residential area and population for the five classes 
of combined locational disadvantage in access to GP clinic for the four MB based population groups 
in the MMA 
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Map 6.12: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the MB based total population in the MMA (non-binary coding scheme) 
 
Map 6.13: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the MB based total population in the MMA (binary coding scheme) 
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Table 6.5: Summary statistics and percentage of residential area and population for the five classes 
of combined locational disadvantage in access to three types of primary health care facilities for the 
MB based total population in the MMA 
 
Summary statistics and 
percentage 
Residential area Population 
km
2




















































 3-6 397.21 23.26 684218 17.85 
7-9 843.3 49.38 1304677 34.04 
10-12 360.93 21.13 1371607 35.79 


















 0 1594.53 93.37 3326079 86.79 
1 45.32 2.65 211694 5.52 
2 23.83 1.4 102012 2.66 
3 44.08 2.58 192607 5.03 
 
 
Figure 6.6: Summary statistics and percentage of residential area and population for the five classes 
of combined locational disadvantage in access to three types of primary health care facilities for the 
MB based total population in the MMA 
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Map 6.14: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the four MB based population groups in the MMA (non-binary coding 
scheme) 
 
Map 6.15: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the four MB based population groups in the MMA (binary coding scheme) 
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Table 6.6: Summary statistics and percentage of residential area and population for the five classes 
of combined locational disadvantage in access to three types of primary health care facilities for the 
four MB based population groups in the MMA 
 
Summary statistics and 
percentage 
Residential area Population 
km
2





















































12-24 201.14 11.78 323519 8.44 
25-32 371.75 21.77 907939 23.69 
33-40 637.08 37.31 1212995 31.65 
41-48 379.4 22.22 937397 24.46 


















0 1167.87 68.39 2188109 57.1 
1-2 259.76 15.21 770449 20.1 
3-4 142.61 8.35 398569 10.4 
5-6 88.56 5.19 266501 6.95 
7-12 48.96 2.87 208764 5.45 
 
 
Figure 6.7: Summary statistics and percentage of residential area and population for the five classes 
of combined locational disadvantage in access to three types of primary health care facilities for the 
four MB based population groups in the MMA 
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6.1.3 Medicare Local based Spatial Aggregations 
One of the strengths in using the MB as the base spatial unit for analysis is that the 
outputs can be spatially aggregated into other larger spatial units as needed: into 
either locality, postcode, electoral division district, LGAs or Medicare Locals. For 
example, the following basic summary statistics can be easily summarized for each 
of the 9 Medicare Locals covering the MMA: 
 population and area (Table 6.7); 
 number of primary health care facilities/practitioners and the mean travel 
distance to the nearest primary health care facility (Table 6.8); 
 residential area and population associated with different levels of locational 
disadvantage in access to GP clinics for the total population (Table 6.9, 
Figure 6.8) 
 residential area and population associated with different levels of locational 
disadvantage in access to pharmacies for the total population (Table 6.10, 
Figure 6.9) 
 residential area and population associated with different levels of locational 
disadvantage in access to dental clinics for the total population (Table 6.11, 
Figure 6.10) 
 residential area and population associated with different levels of combined 
locational disadvantage in access to three types of primary health care 
facilities for the four population groups (Table 6.12, Figure 6.11) 
In addition, Map 6.16, Map 6.17, Map 6.18 and Map 6.19 are also produced to show, 
within and across the Medicare Local boundaries in the MMA, the spatial variation of 
locational disadvantage in access to GP clinics, pharmacies, dental clinics for the 
MB based total population and the combined locational disadvantage in access to 






Table 6.7: Summary statistics of population and area for each of the nine Medicare Locals across 

















ML201 376834 21949 96855 49819 149.49 79.25 
ML202 546278 31964 122386 81226 215.11 133.88 
ML203 243006 20657 56892 22263 606.49 133.72 
ML204 390253 29221 90357 38408 920.05 158.74 
ML205 588227 41123 131776 70823 1304.10 242.71 
ML206 588303 30962 121163 100404 319.26 209.85 
ML207 384774 24435 78994 50459 2639.78 248.57 
ML208 449120 34225 99591 47496 1820.03 281.97 
ML209 265597 16947 49952 47428 853.59 219.07 
Note: ML201 - Inner North West Melbourne, ML202 - Bayside, ML203 - South Western Melbourne, ML204 - 
Macedon Ranges (*which is not included in this study) and North Western Melbourne, ML205 - Northern Melbourne, 
ML206 - Inner East Melbourne, ML207 - Eastern Melbourne, ML208 - South Eastern Melbourne, ML209 - Frankston 
- Mornington Peninsula 
Table 6.8: Number of primary health care facilities/practitioners and mean travel distance to the 
nearest primary health care facility in each of the nine Medicare Locals across the MMA 
Medicare 
Local code 
Number of health care facilities Mean travel distance to the nearest facility (m) 
GP clinic GP Pharmacy Dental clinic GP clinic Pharmacy Dental clinic 
ML201 230 816 122 165 635.26 733.75 843.09 
ML202 213 985 141 178 688.14 763.75 899.16 
ML203 58 258 32 31 1328.20 1630.82 2049.14 
ML204 122 469 71 50 1195.57 1620.32 2047.11 
ML205 192 958 107 97 996.30 1339.58 1842.34 
ML206 196 990 124 191 870.46 970.34 978.06 
ML207 107 470 65 64 1388.67 1562.68 1947.79 
ML208 154 572 79 80 1408.71 1614.39 2611.61 
ML209 80 387 51 49 1702.26 2052.57 2756.05 
Note: ML201 - Inner North West Melbourne, ML202 - Bayside, ML203 - South Western Melbourne, ML204 - 
Macedon Ranges and North Western Melbourne, ML205 - Northern Melbourne, ML206 - Inner East Melbourne, 
ML207 - Eastern Melbourne, ML208 - South Eastern Melbourne, ML209 - Frankston - Mornington Peninsula 
 
Map 6.16: Spatial variation of locational disadvantage in access to GP clinics for the MB based total 
population in the nine Medicare Locals across the MMA 
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Table 6.9: Summary statistics and percentage of residential area and population for the five levels 
of disadvantage of accessibility to GP clinics for the total population in each of the nine Medicare 
Locals across the MMA 
Medical Local 
code 
Summary statistics and 
percentage 
Level of locational disadvantage 
1 (Low) 2 (Average
-
) 3 (average) 4 (average
+





 5.11 23.92 32.50 16.56 1.15 
% 6.45 30.19 41.01 20.90 1.45 
Population person 10510 72653 217568 70397 5706 





 6.05 32.38 38.75 47.93 8.78 
% 4.52 24.18 28.94 35.80 6.56 
Population person 11083 87414 190634 210835 46312 





 4.26 14.20 75.41 29.86 9.99 
% 3.19 10.62 56.39 22.33 7.47 
Population person 9041 33874 58958 99633 41499 





 9.54 30.61 64.81 37.65 16.12 
% 6.01 19.28 40.83 23.72 10.16 
Population person 18488 77553 100804 125659 67749 





 12.69 73.32 95.56 47.98 13.17 
% 5.23 30.21 39.37 19.77 5.43 
Population person 23121 159015 159563 187409 59119 





 9.33 71.64 71.20 52.04 5.64 
% 4.45 34.14 33.93 24.80 2.69 
Population person 16792 168022 176483 198421 28585 





 47.65 64.39 100.93 32.29 3.30 
% 19.17 25.91 40.61 12.99 1.33 
Population person 47827 107509 118454 97344 13640 





 33.62 46.80 150.24 40.24 11.07 
% 11.92 16.60 53.28 14.27 3.93 
Population person 35734 100861 126895 139191 46439 





 46.96 44.20 105.47 19.17 3.27 
% 21.44 20.18 48.14 8.75 1.49 
Population person 51059 62825 81474 56436 13803 
% 19.22 23.65 30.68 21.25 5.20 
Note: ML201 - Inner North West Melbourne, ML202 - Bayside, ML203 - South Western Melbourne, ML204 - 
Macedon Ranges and North Western Melbourne, ML205 - Northern Melbourne, ML206 - Inner East Melbourne, 














Figure 6.8: Percentage of residential area (top) and population (bottom) for the five levels of 
disadvantage of accessibility to GP clinics for the total population in each Medicare Local in the 
MMA 
 
Map 6.17: Spatial variation of locational disadvantage in access to pharmacies for the MB based 
total population in the nine Medicare Locals across the MMA 
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Table 6.10: Summary statistics and percentage of residential area and population for the five levels 
of disadvantage of accessibility to pharmacies for the total population in each of the nine Medicare 





Level of locational disadvantage 
1 (Low) 2 (Average
-
) 3 (average) 4 (average
+






 6.98 26.73 27.56 17.25 0.72 
% 8.81 33.73 34.78 21.77 0.91 
Population 
person 14932 82650 177999 97439 3815 






 9.47 42.41 35.62 41.96 4.41 
% 7.07 31.68 26.61 31.34 3.29 
Population 
person 19077 120394 175404 209420 21983 






 3.07 12.34 77.19 31.00 10.12 
% 2.30 9.23 57.73 23.18 7.57 
Population 
person 6611 31142 60518 103339 41397 






 10.36 32.04 60.98 38.50 16.86 
% 6.53 20.18 38.42 24.25 10.62 
Population 
person 19913 73204 95306 131035 70794 






 15.18 64.59 90.66 54.03 18.25 
% 6.25 26.61 37.35 22.26 7.52 
Population 
person 24276 136319 141443 205545 80644 






 11.78 62.35 76.11 54.65 4.96 
% 5.61 29.71 36.27 26.04 2.36 
Population 
person 21932 150096 183574 206783 25918 






 43.69 62.82 102.92 34.48 4.65 
% 17.58 25.27 41.41 13.87 1.87 
Population 
person 49037 100685 113719 102552 18781 






 32.05 46.17 144.24 44.94 14.57 
% 11.37 16.37 51.15 15.94 5.17 
Population 
person 27740 80167 126868 154106 60239 






 55.08 51.89 90.30 18.50 3.30 
% 25.14 23.69 41.22 8.44 1.51 
Population 
person 56179 74095 66236 55087 14000 
% 21.15 27.90 24.94 20.74 5.27 
Note: ML201 - Inner North West Melbourne, ML202 - Bayside, ML203 - South Western Melbourne, ML204 - 
Macedon Ranges and North Western Melbourne, ML205 - Northern Melbourne, ML206 - Inner East Melbourne, 













Figure 6.9: Percentage of residential area and population for the five levels of disadvantage of 
accessibility to pharmacies for the total population in each Medicare Local in the MMA 
 
Map 6.18: Spatial variation of locational disadvantage in access to dental clinics for the MB based 
total population in the nine Medicare Locals across the MMA 
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Table 6.11: Summary statistics and percentage of residential area and population for the five levels 
of disadvantage of accessibility to dental clinics for the total population in each of the nine 





Level of locational disadvantage 
1 (Low) 2 (Average
-
) 3 (average) 4 (average
+






 3.41 17.68 25.26 30.60 2.29 
% 4.30 22.31 31.88 38.62 2.89 
Population 
person 7225 48902 156202 152538 11966 






 14.93 40.49 34.37 39.77 4.32 
% 11.15 30.24 25.67 29.71 3.23 
Population 
person 31447 123893 173822 196170 20946 






 3.77 19.49 68.74 33.64 8.08 
% 2.82 14.58 51.41 25.16 6.04 
Population 
person 8487 32870 52917 114272 34460 






 4.39 23.80 62.29 47.77 20.48 
% 2.77 14.99 39.24 30.10 12.90 
Population 
person 7223 43012 86657 162626 90735 






 17.74 56.91 84.73 64.12 19.21 
% 7.31 23.45 34.91 26.42 7.91 
Population 
person 27041 108435 128607 238168 85975 






 37.58 105.18 43.51 22.53 1.05 
% 17.91 50.12 20.73 10.74 0.50 
Population 
person 75543 270061 142280 94731 5687 






 19.69 86.75 117.08 23.54 1.51 
% 7.92 34.90 47.10 9.47 0.61 
Population 
person 27003 152215 124876 73860 6821 






 14.93 38.12 169.96 44.96 14.00 
% 5.29 13.52 60.28 15.94 4.97 
Population 
person 24130 80169 130292 154412 60117 






 40.97 50.30 103.77 20.10 3.93 
% 18.70 22.96 47.37 9.18 1.79 
Population 
person 53717 64771 72217 58486 16406 
% 20.23 24.39 27.19 22.02 6.18 
Note: ML201 - Inner North West Melbourne, ML202 - Bayside, ML203 - South Western Melbourne, ML204 - 
Macedon Ranges and North Western Melbourne, ML205 - Northern Melbourne, ML206 - Inner East Melbourne, 














Figure 6.10: Percentage of residential area and population for the five levels of disadvantage of 
accessibility to dental clinics for the total population in each Medicare Local in the MMA 
 
Map 6.19: Spatial variation of combined locational disadvantage in access to three types of primary 
health care facilities for the four MB based population groups in the nine Medicare Locals across the 
MMA 
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Table 6.12: Summary statistics and percentage of residential area and population for the five levels 
of combined locational disadvantage in access to three types of primary health care facilities for the 
four population groups in each of the nine Medicare Locals across the MMA 
Medical Local 
code 
Summary statistics and 
percentage 
Level of combined locational disadvantage 






 56.66 12.53 8.15 1.55 0.36 
% 71.50 15.81 10.28 1.96 0.45 
Population 
person 293186 47630 27717 6556 1745 






 88.31 28.44 11.82 3.94 1.36 
% 65.97 21.24 8.83 2.94 1.02 
Population 
person 364944 113132 45666 15941 6595 






 78.97 11.04 16.42 20.33 6.96 
% 59.06 8.26 12.28 15.20 5.20 
Population 
person 80460 36673 41977 55493 28402 






 94.18 20.31 14.66 16.77 12.82 
% 59.33 12.79 9.24 10.56 8.08 
Population 
person 172555 67264 45086 50758 54589 






 150.78 37.87 24.94 16.45 12.69 
% 62.12 15.60 10.27 6.78 5.23 
Population 
person 296859 121399 66720 47799 55450 






 130.35 65.06 12.35 1.87 0.22 
% 62.12 31.00 5.89 0.89 0.10 
Population 
person 344417 190684 42990 8886 1326 






 203.22 28.86 12.36 2.94 1.19 
% 81.76 11.61 4.97 1.18 0.48 
Population 
person 263141 73673 32522 10497 4941 






 213.52 18.19 21.02 18.53 10.72 
% 75.72 6.45 7.45 6.57 3.80 
Population 
person 244400 52979 55507 51893 44342 






 151.88 37.46 20.90 6.18 2.66 
% 69.33 17.10 9.54 2.82 1.21 
Population 
person 128146 67015 40383 18677 11376 
% 48.25 25.23 15.20 7.03 4.28 
Note: ML201 - Inner North West Melbourne, ML202 - Bayside, ML203 - South Western Melbourne, ML204 - 
Macedon Ranges and North Western Melbourne, ML205 - Northern Melbourne, ML206 - Inner East Melbourne, 












Figure 6.11: Percentage of residential area and population for the five levels of combined locational 
disadvantage in access to three types of primary health care facilities for the four population 
groups in each Medicare Local in the MMA 
6.2 Conclusions 
It is widely recognized that health is a state of complete physical, mental and social 
well-being; that good health is a prerequisite for participation in a wide range of 
activities; and that easy access to basic resources for health and the enjoyment of 
good health is one of the fundamental rights of every human being. It is also widely 
recognised that a strong, responsive, integrated, efficient and cost-effective primary 
health care system is critical to providing health care services locally to the 
community, responding better to the needs and priorities of local community, 
ensuring that people can get safe and high quality health care when and where they 
need it, and helping people better manage their health conditions in the community. 
To help address inequalities and gaps in the provision of and access to health care 
services, the Australian government has taken a number of significant initiatives, 
including the establishment of a network of primary health care organisations 
(Medicare Locals), a significant boost to the primary health care workforce, the 
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implementation of a national eHealth records system, and an upgrading of primary 
health care infrastructure. 
This study argues that existing inequality in service provision in general, and primary 
health care service provision in particular, can be improved by identifying and 
mapping residential areas with low levels of accessibility to services, by establishing 
new service facilities in areas identified with a high level of locational disadvantage 
(as indicated by results presented in Chapter 5), and by enhancing service capacity / 
attractiveness of existing facilities in areas identified with a high potential for 
improvement (as indicated by results presented in Section 6.1).  
From a spatial perspective, this study aims at the identification of inequalities and 
gaps in access to primary health care facilities at fine spatial resolution, by revealing 
spatial variations in accessibility to a set of selected primary health care facilities 
throughout the Melbourne metropolitan area, and by identifying spatial clusters of 
disadvantaged residential areas characterised by a combination of low level of 
service provision and high level of demand for the services. This research objective 
has been achieved through the development and application of GIS based 
approaches for conducting the following set of tasks: 
1. Disaggregating the ABS 2011 population data from the larger Statistical Area 
Level 1 units into the smaller residential Mesh Block units with the land-use 
constrained address-ratio method; 
2. revealing the spatial variations in densities and concentrations of the four 
population groups across the MMA, through standard deviation based 
thematic mapping; 
3. locating a selected set of primary health care service provision facilities 
(including GP clinic, pharmacy and dental clinic) in the MMA at the address 
point level through careful geocoding; 
4. measuring the travel impedance between centroids of residential MBs and 
locations of primary health care facilities through an OD matrix derived from a 
topologically structured detailed road network data of the MMA; 
5. revealing the spatial variations in the MB based travel impedance to the 
nearest primary health care facilities in the MMA through equal interval based 
thematic mapping; 
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6. measuring the MB based potential accessibility to selected health care 
facilities in the MMA, using four different FCA based methods; 
7. revealing the spatial variations in the MB based accessibility to selected 
primary health care facilities across the MMA, through standard deviation 
based thematic mapping; 
8. determining the MB based level of demand for, and level of provision of, 
primary health care service/facility in the MMA, through quintile based 
thematic mapping and map overlaying; 
9. revealing the spatial variations in the MB based level of demand for, and level 
of provision of, primary health care service/facility in the MMA through quintile 
based thematic mapping and map overlaying; 
10. identifying the disadvantaged residential locations associated with high levels 
of demand for, and low levels of provision of, primary health care 
services/facilities, through quintile based thematic mapping and map 
overlaying; 
11. revealing the spatial variations in the MB based level of specific, as well as 
combined, locational disadvantages in access to primary health care facilities 
in the MMA, through thematic map overlaying; and  
12. detecting and locating the spatial clusters of disadvantage residential 
locations through hotspot analysis based on the Getis-Ord Gi* statistic, to 
better target location and extent of areas for improvement in both 
service/facility provision and service/facility accessibility. 
The concept of accessibility adopted in this study focuses on three key components: 
demand, supply and travel impedance. The demand component is conceptualized 
as the MB level population based potential demand, and estimated for the four 
specific population groups, including the total population and three specific 
population groups: children aged 0-4, females aged 15-44 and seniors aged 65+. 
For the total population group, the potential demand is differentiated solely on 
quintiles of MB based population densities. While for the other three population 
groups, the potential demand is differentiated, respectively, both on the quintiles of 
MB based population densities and on the quintiles of MB based population 
concentrations (as illustrated in Table 3.2, see Section 3.3 for further details).  
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The supply component is conceptualized as the MB based effective per capita 
resource availability, measured for 12 different specific combinations of population 
group and type of primary health care facilities (Figure 3.5). MB based effective per 
capita resource availability is measured in terms of spatial accessibility using four 
different FCA methods, incorporating either the Gaussian function or the Butterworth 
filter with a 4000 m of cutting off distance (as described in Section 3.5) to account for 
the continuous distance decaying effect. The travel impedance component is 
conceptualized as the MB based point-to-point travel distances, measured along the 
road network links for each pair of residential MB centroid and address location of a 
primary health care facility in the MMA. 
This study considers the facility attractiveness of GP clinic by a weighted linear 
combination of a set of selected attributes. As for the pharmacies and the dental 
clinics, the best facility attractiveness (i.e. Sj = 1) is assumed due to limited time and 
data availability. As illustrated with the GP clinic data in Map 6.8 and Map 6.9, the 
differences between the two measured accessibility scores (one based on Sj = 1 and 
the other based on Sj  1) may be useful for identifying and prioritising existing 
facilities for further improvement. 
Based on the determined MB based level of location disadvantage for each facility 
type and population group combination, a scalable method (as discussed in Section 
6.1.2) is developed for the combination of locational disadvantage in access to 
different primary health care facilities for different population groups. With this 
method, other population groups and facility types can be incorporated for 
generating combined locational disadvantage in access to primary health care 
services, at different degree of generalization. 
The scalable approach developed in this study is flexible for answering a range of 
questions at different level of generalization. For example, results obtained for the 
four specific population groups and three types of primary health care facilities in this 
study can be used to help find answers for the following four types of questions: 
1. For a specific population group (e.g. children aged 0-4, females aged 15-44, 
or seniors aged 65+), which residential areas have a lower than average 
level of accessibility, and hence a higher than average level of locational 
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disadvantage in access, to a specific type of primary health care facilities 
(e.g. GP clinics, pharmacies or dental clinics) in the MMA? 
2. For a specific population group (e.g. children aged 0-4, females aged 15-44, 
or seniors aged 65+), which residential areas have a lower than average 
level of accessibility, and hence a higher than average level of locational 
disadvantage in access, to a selected set of primary health care facilities 
(e.g. GP clinics, pharmacies and dental clinics) in the MMA? 
3. For a selected set of population groups (e.g. children aged 0-4, females aged 
15-44, and seniors aged 65+), which residential areas have a lower than 
average level of accessibility, and hence a higher than average level of 
locational disadvantage in access, to a specific type of primary health care 
facilities (e.g. GP clinics, pharmacies or dental clinics) in the MMA? 
4. For a selected set of population groups (e.g. children aged 0-4, females aged 
15-44, and seniors aged 65+), which residential areas have a lower than 
average level of accessibility, and hence a higher than average level of 
locational disadvantage in access, to a selected set of primary health care 
facilities (e.g. GP clinics, pharmacies and dental clinics) in the MMA? 
In summary, this study developed a GIS-based spatial analytical procedure, 
employed up-to-date and fine spatial resolution data on population, primary health 
care facility and transport network, measured and mapped the status of spatial 
accessibility to three selected types of primary health care facilities for four 
population groups, revealed fine grain spatial variations in level of accessibility to 
primary health care facilities, and identified spatial clusters of disadvantaged 
locations with poor access to primary health care facilities in the MMA. The value for 
conducting spatial analysis at the finer spatial resolution of MB lies in that it enables 
the study to focus on the residential areas, that the results can reveal subtle spatial 
variations (as illustrated by maps in Section 4.2 and Chapter 5), and that the results 
can be spatially aggregating into other larger spatial units as needed (as illustrated 
by the examples involving Medicare Locals in Section 6.1.3). 
The approaches taken and the findings made in this study would be supportive to 
public policy makers, government and non-government service providers for the 
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effective implementation and continuous improvement of the outcome of the health 
care policies and strategies. The variations in locational disadvantage found in the 
MMA should be of particular use as the first step in making evidence-based policy 
decisions regarding the access to and supply of health care services/facilities. The 
research findings would also be useful for guiding individuals and families to select 
their suitable place of residence. With a proper modification of the data and 
analytical settings, the method developed in this study would be applicable in other 
time periods, population groups, service and facility types, themes/issues/challenges 
and geographical settings. 
6.3 Recommendations 
Due to the limited time, data and research capability, it has to be admitted that there 
exists several shortcomings in this study. This study could be further improved in the 
following aspects:  
 For the demand component, using questionnaire based user surveys to 
better understand the needs and preferences of different population groups 
and determine a realistic facility attractiveness/service capacity weighting 
scheme and distance decay weighting scheme for each of these population 
groups. In addition, population distribution is different between daytime and 
night time. It would be useful to examine the daytime spatial pattern of 
accessibility. A GP clinic in close proximity to a particular residential MB may 
be perceived by commuters as less geographically accessible than a GP 
clinic in close proximity to their work places during working hours. 
 For the transport component, using more accurate and realistic transportation 
network data; considering multi-travel modes, such as walking, public 
transportation and by car; and considering equivalent distance or travel 
impedance under the impact of path slope and fitness level of the user 
groups. 
 For the provision component, considering other types of health care 
services/facilities (e.g. paediatrics, gynaecologist, physiotherapist, dieticians); 
and collecting more attribute data for each service/facility to better describe 
the facility attractiveness or the level/volume/capacity of services available at 
each facility site, including number of GPs or number of clinical rooms, 
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opening hours, floor space, parking spaces, payment method, proximity to 
commercial areas and public transportation stops, level of service 
satisfactory, waiting time and degree of crowdedness etc. A method should 
be developed to measure the provision of a facility with a good combination 
of all these factors. 
 With regards to measures of accessibility, considering the variable floating 
catchment area methods (Luo and Whippo 2012) to account for the varying 
levels of population demand, densities of service facilities and densities of 
transport network associated with different types of residential areas across 
the urban space. 
 Examination of the interaction/relation between spatial accessibility and some 
socio-demographic factors, by exploring whether levels of spatial accessibility 
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Appendix A: Accessibility to Individual Type of Primary Health Care 
Facility Measured by the E2SFCA_G, E2SFCA_B, M2SFCA_G method  
Table 7.1: Maps in Appendix A 
Method GP Clinic Pharmacy Dental Clinic 











































































Map 7.1: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for the total 
population measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.2: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for the total 
population measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
 
Map 7.3: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for the total 
population measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.4: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for children 
aged 0-4 measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.5: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for children 
aged 0-4 measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
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Map 7.6: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for children 
aged 0-4 measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.7: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for females 
aged 15-44 measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.8: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for females 
aged 15-44 measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
 
Map 7.9: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for females 
aged 15-44 measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.10: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for seniors 
aged 65+ measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.11: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for seniors 
aged 65+ measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
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Map 7.12: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for seniors 
aged 65+ measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.13: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for the 
total population measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.14: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for the 
total population measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
 
Map 7.15: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for the 
total population measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.16: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for children 
aged 0-4 measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.17: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for children 
aged 0-4 measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
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Map 7.18: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for children 
aged 0-4 measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.19: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for females 
aged 15-44 measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.20: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for females 
aged 15-44 measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
 
Map 7.21: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for females 
aged 15-44 measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.22: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for seniors 
aged 65+ measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.23: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for seniors 
aged 65+ measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
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Map 7.24: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for seniors 
aged 65+ measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.25: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for the 
total population measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.26: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for the 
total population measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
 
Map 7.27: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for the 
total population measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.28: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
children aged 0-4 measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.29: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
children aged 0-4 measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
 203 
 
Map 7.30: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
children aged 0-4 measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.31: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
females aged 15-44 measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.32: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
females aged 15-44 measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 
1)  
 
Map 7.33: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
females aged 15-44 measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
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Map 7.34: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
seniors aged 65+ measured by the E2SFCA_G method (with the Gaussian decay and Sj = 1)  
 
Map 7.35: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
seniors aged 65+ measured by the E2SFCA_B method (with the Butterworth filter decay and Sj = 1)  
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Map 7.36: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
seniors aged 65+ measured by the M2SFCA_G method (with the Gaussian decay and Sj = 1)  
Appendix B: Spatial patterns of service provision for GP clinic, 
pharmacy and dental clinic 
Table 7.2: Maps in Appendix B 










GP clinic Map 7.37 Map 7.38 Map 7.39 Map 7.40 
Pharmacy Map 7.41 Map 7.42 Map 7.43 Map 7.44 




Map 7.37: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for the total 
population measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 7.38: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for children 
aged 0-4 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
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Map 7.39: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for females 
aged 15-44 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 7.40: Spatial variation of MB based accessibility to GP clinics in the MMA in 2011 for seniors 
aged 65+ measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 209 
 
Map 7.41: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for the 
total population measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 7.42: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for children 
aged 0-4 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 210 
 
Map 7.43: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for females 
aged 15-44 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 7.44: Spatial variation of MB based accessibility to pharmacies in the MMA in 2011 for seniors 
aged 65+ measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
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Map 7.45: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for the 
total population measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
 
Map 7.46: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
children aged 0-4 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
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Map 7.47: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
females aged 15-44 measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 
1) 
 
Map 7.48: Spatial variation of MB based accessibility to dental clinics in the MMA in 2011 for 
seniors aged 65+ measured by the M2SFCA_B method (with the Butterworth filter decay and Sj = 1) 
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Appendix C: Disadvantage locations with poor accessibility for three 
subgroups of population 
Table 7.3: Maps in Appendix C 
Locational disadvantage Children aged 0-4 Females aged 15-44 Seniors aged 65
+
 
GP clinic Map 7.49 Map 7.50 Map 7.51 
Pharmacy Map 7.52 Map 7.53 Map 7.54 
Dental clinic Map 7.55 Map 7.56 Map 7.57 
 
 
Map 7.49: Spatial variation of locational disadvantage in access to GP clinics for the MB based 
children aged 0-4 in the MMA 
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Map 7.50: Spatial variation of locational disadvantage in access to GP clinics for the MB based 
females aged 0-4 in the MMA 
 
Map 7.51: Spatial variation of locational disadvantage in access to GP clinics for the MB based 
seniors 65+ in the MMA 
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Map 7.52: Spatial variation of locational disadvantage in access to pharmacies for the MB based 
children aged 0-4 in the MMA 
 
Map 7.53: Spatial variation of locational disadvantage in access to pharmacies for the MB based 
females aged 15-44 in the MMA 
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Map 7.54: Spatial variation of locational disadvantage in access to pharmacies for the MB based 
seniors aged 65+ in the MMA 
 
Map 7.55: Spatial variation of locational disadvantage in access to dental clinics for the MB based 
children aged 0-4 in the MMA 
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Map 7.56: Spatial variation of locational disadvantage in access to dental clinics for the MB based 
females aged 15-44 in the MMA 
 
Map 7.57: Spatial variation of locational disadvantage in access to dental clinics for the MB based 
seniors aged 65+ in the MMA 
